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MXSSOURI STATE WATER PLAN 
TECHNICAL VOLUME SERIES 

The Missouri Department of Natural Re- 
sources State Water PIan Technical Volume 
Series is part of a comprehensive state water 
resource plan. Th is  portfon is designed to 
provide basic scien&c and background infor- 
mation on rhe water resources of the state. The 
information in rhese technical volumes will 
provide a fum foundation for addressing presem 
and future water resource needs and issues. 
Each volume in the series deals with a specific 
water resource component. 

Volume I 
The Surface Water Resources of 

M&so~& conrains a basin-by-basin assess- 
ment of Missouri's surface water resources. It 
discusses the effects of climate, geology and 
orher factors on the hydrologic characteristics 
of major lakes, streams and rivers. It also 
assesses surface-water avajlability and devel- 
opment in the stare. 

Volume 11 
The Groumdwat-er Resources of 

Missoecri presenrs information on the avail- 
ability and natural quality of groundwarer 
throughout the stare. It focuses on Miss~uri's 
seven groundwater provinces m d  includes 
their geology, hydrogmlogy, area1 extent, gen- 
eral water quality, and potential for conramha- 

tion. Aquifer storage estimates are given for 
each aquifer and county. The report also 
reviews the different types of water-supply 
wells in use and how water well construction 
techniques vary between areas and aquifers. 

Volume ID 
Missouri Water Qua&y  asses^ 

focuses on the current @ity of Mismuri surface 
water and ground-water. 7he volume looks at 
&emid, bacteniologiml and radiological water- 
quality, and natural and man-induced water- 
qualiry changes. 

Volume IV 
The Water Use of&f&sozcri describes 

how Missouri is presently using its surface- 
water and groundwater resources. The report 
covers private and public water supplies, in- 
dustrial and agricultural wafer uses, and water 
use for electrical power production, naviga- 
tion, recrea~on, fish and wildlife. 

Volume v 
Wydr~bgi~ EXt.remes i~m M~SSOUW 

Ebodhg afid Dmugkt provides basic infer- 
madon about flooding and drought specific to 
Missouri. A historical perspective is given, as 
well as inforrna~on thar can be used in planning 
for hydrologic extremes. It also describes con- 
cepts and defines terminology helpful in un- 
derstanding flood and drought. 



Volume VI 
Water Resource Sharing - The Real- 

Mes of interstate Rivers presents Missouri's 
views concerning interstate rivers. Because of 
irs location, Misouri can be greatly affected by 
activities and water policy in the upper basin 
states of the Missouri and Mississippi river 
hiins.  Missouri policy can dso affect down- 
stream stares on the Mississippi, Arkansas and 
White rivers. Many serious issues affecting 

these rivers have less to do with their physical 
characteristics than witb. political, economic 
and social vends. 

Volume Wt 
Mhsaur i  Water Law provides an over- 

view of the laws hat affect the protection and 
use of Missouri's water resources. It supplies 
reference information about existing doctrines, 
statues and case law. 



Execthke Summary 

Missouri depends greatly on its surface- 
water resources for drinking, agricultural, corn- 
mwcial and industrial water supply, river trans- 

portation, fish and wildlife habitat, electrid 
generation, recreation, and many other uses. 
Current estimates indimte that surface water 
supplies nearly 90 percent of the total off- 
stream water use, which is about 2.3 trillion 
gallons per year. 

During a n o d  precipitation year, ap- 
proximately 12 willion gallons of water are 
supplied to Missouri by runoff from precipita- 
tion within the state. Rainfall statewide aver- 
ages about 38 inches, wih about 10 inches 
becoming surface-mter moff or groundwter 
r d m g e .  The remaining 28 inches are r e m d  
to the annosphere by evaporarion or plant use. 

Runoff from upstream states increases 
the amount of surface water that is available. 
Water entering Missouri from the upper Mis- 
sissippi and Missouri rivers combined averag- 
es about 37 trillion gallons per year. Most of 
this surface warm passes through the state in 
a few days. Thus, during extended droughts, 
considerably less surface water is available to 
meet Missouri's needs. 

The Mkmusi River drains more than 52 
percent of the stare, an area of about 36,537 
square miles. The state provides onIy about 
6.9 percent of the total drainage area of the 
Missouri River basin, but conrribures a much 
higher percentage of the river's flow. Based 
on nearly 100 years of fIow records, about 35 
percent of the flow of the Missouri River at 
Hermann is from runoff in Missouri. The 
remaining 65 percent is runoff from upsueam 
states. 

The volume of surface water in Missouri 
is generally adequate to meet most needs, but 
the resource is nor evenly distributed across 
the state. Northern and westxentral Missouri 
have relatively poor groundwater resources, 
and rely on surface water for most of their 
water-supply needs. These areas aIso have 
lower average rainfall rates than the resr of the 
state, and groundwater does not contribute 
appreciable volumes of water 10 streams and 
rivers. Thus, many towns in northern and 
west-cenml Missouri, especially those some 
distance from a major river, use reservoirs for 
their water supply. Of the approximately 123 
reservoirs currently in use as public water 
supply sources, all but eight are in west c a d  
and northern Missouri where groundwater 
resources are poor. 

Surface-water intakes on major streams 
and rivers are used by approximately 50 cities 
where streams have adequate low flows. 
Twenty of the 50 use reservoirs to impound 
surface-water runoff, as well as river intakes to 
help keep reservoirs fdled during periods of 
low runoff. 

The M i i u r i  and Mississippi rivers sup- 
ply municipal water to about one-third of the 
state's population. Nearly 60 percent of the 
population of Missouri is in The 25 counties 
that border the Missouri River. As water needs 
increase, both 'the Missouri and Mississippi 
rivers wiII become wen more impomf water 
resources. 

Surface water is used much less in the 
southern p m  of the state as a water supply. A 
few towns rely on surface water for part or dl 
of their municipal water-supply needs in this 



Surface W m  Resourca of Missaun' 

region, but groundwater is typically used for 
private as well as public water supply. In 
southern Missouri, the emphasis on surface 
water shifts from drinking water to recreation. 
Large lakes in the Osage and White river 
basins attract millions of visitors each year, 
and tourism in these areas is a very important 
industry for the state. ?'he lakes also provide 
flood protection for downstream areas, and 
many provide hydroelectric power. 

In the Ozarks region, much of h e  runoff 
from upland areas percolates downward 
through permeable surficial ma~erials, or is 
channeIIed underground by losing stteams, 
and sinkholes. The high rate of groundwater 
recharge in the Ozarks greatly affem the 
riven and streams. Much of the groundwater 
in the Ozarks flows through cave-like systems 
to springs along major streams and rivers. The 
large springs tend to have fairly uniform flow 
characteristics, and provide well-susrained 
Rows to streams even during dry weather. The 
swift, clear, spring-fed stseams and rivers thar 

characterize the Ozarks are popular recre- 
ational areas, and contribute greatly to the 
economic well-being of the state. 

The overall quality of surface water in 
Missouri is relatively good. Most of the ele- 
ments dissolved in the water are withiin rec- 
ommended drinking-water parameters in al- 
most all areas. Bacteria is contained in all 
surface water; the Ievel of bacteria is generally 
directly proportional to the amount of devel- 
opment in the watershed. Both wastewarer 
discharges and agricultural runoff increase 
bacteria levels in surface wafer .  Suspended 
solids vary greatly with stream stage and loca- 
tion, but are generally the highest in northern 
and western Missouri where row-cropping is 
common and soils are more easily eroded. 
The lowest amount of suspended solids in 
surface water in the Ozarks is where mber 
and grassland are most prevalent. Throughout 
the smte, suspended mlids are highest during 
floods, and lowest during n o d  or low-flow 
conditions. 
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Second, the sasons of highest rainfall 
do not typically coincide with times of greatest 
need. Much of the precipitation during a given 
year is In t h e  spring. Periods of gratest need 
are typically in late summer. 

Third, the total volume of water used in 
the state is far W t e r  than the amount used for 
individual and municipal water supply. Gen- 
erally, an individwl uses from K) to 150 
gallow of water per day for domestic needs. 
Water for agricultural irrigation, hydroelectric 
generation, tRerrnoe1emic cooling, and other 
industrial, commercial, and agricultud needs 
accounts for most of the water used, which is 
an estimated 1,354 gallons per day per person 
(Reed and others, 19931. Much of this is 
nonconsumptive (the water being returned to 
the stream or lake for further use) but the total 
volume of water needed to meet these &- 
mands is still required. Not considaed in the 
above ckussim is water for fish and wildlife, 
aquatic reaeation, water-quaJity mitigation, 
and river tmmprtation. Economics should 
also be considered. For numerous ram*, 
surface mter is not suitable for many uses 
without expensive rrearment A town of 500 
people in northern Missouri where ground- 
water may be highly mineralized, might fmd it 
very dmcult and costly to purchase land for a 
resemir, build the reservoir, construct the 
treatment plant, and treat and distribute the 
water. A town of the same size in an area 
where potable groundwater resources can 
supply the needed volume could develop a 
public supply much more economhlly. 

Water resources are also not evenly d h  
tribu ted throughout the state. Northern 
Missouri generally has the lowest average 
rainfall. It also has rhe poorest groundwaxer 
resources-water which cannot be &pen&d 
upon to alIeviate shortages during drought 
And the Bootheel - of southeastem m u r i  
Ras abundant groundwater resources and the 
highest rainfall in the mate, but here, the 
problem is generalIy too much water rather 
rhan tm little. 

N d l y  water problems do not occur 
during the average conditions discussed above; 
instead they occur during areme climatic 
circumstances that produce either flooding or 

drought. Droughts are a silent blight because 
they slowly strangle crops and gradand and 
deplete water-supply reservoirs. During tbts 
century alone, droughts in Missouri have 
caused billions of dollars in damage. Much of 
the darnage has been due to the loss of agricul- 
tural products or river transportation. Because 
they affect larger areas, the overall economic 
losses due to drought are generally greater 
than those from floods. However, a major 
flood can scar a river for years and devasme 
the communities along it. In 1993, heavy 
rainfall throughout the uppa Mississippi XChr- 
er basin, as well as parts of h e  m u r i  River 
basin, mused record flooding on the Missis- 
sippi River and many of its tributaries in the 
state. On August 1,1893, the Mississippi River 
at St. Louis peaked wirh a discharge of 1,000,,00 
cubic feet of water per second (ft3/sec1. If Lake 
of the Ozarks was empty, this flow rate would 
fill it In less than 22 hours 

The purpose of this report is to pro- 
vide a description of the d a c e  water re- 
sources of Missouri As part of the framework 
OftheMismmiState WatezPlan,thisreport 
will discuss the hydrologic cycle as it relates to 
surface water, d u a t e  overall surface-- 
resources and provide detailed descriptions 
of selected surface watersheds throughout 
Missouri. Drought, flmding, water use, and 
water quality will be discussed h general, but 
each of these important topics will be more 
fully examined in future volumes of the 
Mhourl State Water PIaa 

f n this report, the d i g =  of rivers and 
springs are reported in units of cubic feet of 
water per second (ft3/sec). One cubic foot per 
second is equal to 448.9 gallons per minute, or 
646,358 gallons per day. The storage of lakes 
and yearly volumes of iunoff are generally 
reported in units of acre-feet (ac-ft). One aae- 
fmt of water is the volume of water necessary 
to cover an area of one aae (43,560 fta) to a 
depth of one foot One acre-foot of water is 
equal to 43,560 ft3, or 325,872 gallons. Runoff 
rates for river basins are g e n d y  reported in 
units of inches per year (in./yr). A stream 
havhg a runoff- of one inch p year would, 
fnoneyear,disdwgeenoughmmtocoverrhe 
entire wtmshed to a depth of one inch. 







ak~&gr@y and aimate 

The surface water resources of Missouri 
are, to a grat extmr, conm11ed by physio- 
graphic and ditological factors. Being in 
the midmtinent region, the topography of 
the sate is mnsidembly more gentle than that 
of the mountainous apeas to rhe east and west. 
However, Missouri's physical f e a m  are more 
varied than many of those of the bordering 
states- 

Mhmuri conmins three distlna physio- 
graphic regions &at a n  be further subdivid- 
ed, based on more subtle changes. m u r i m s  
Iandscapeischaracterizedbyp~snoxthof 
the Missouri River, and in the westmrral part 
of the state. Southeastern m u r i ,  at the 
northern end of the Misshippi Embaymat or 
coastal plain, is a lowland. Between these two 
regions lie the M&ouri Ozarks, an uplifted 
area of considably more rugged character 
than the state's other provin-. The total 
topographic relief for m u r i  is about 1,540 
feet. Figure 1 shows the physiographic prov- 
inces in Missouri, and flgure 2 is a generalized 
geologic map of the state. TabIe Z shows rhe 
general stratigraphic sequence (layered ar- 
rangement) of rock units in Missouri, and their 
hydrologic (--relared) sigu&ance. 

1YoJZTHERN-m 
Unlike most of the state, the physical 

character&& of northern Misouri were al- 
tered by glaciers during the PIeistocene Epoch 
or Ice Age. Advances and remeats of two 
major ice sheets left behind thick d e p s b  of 
unconsofidated glacially derived sediments 
covering a pre-existing topography developed 
on Pennsylvanian- and Mississippianage 
bedsock. 

me glacial till, codsting of clay, sat, 
sand, gravel and boulders, has been w e d  
by runoff. 'Ibis erosion is graduaIJy destroying 
the level plainslike mpography f d  by 
glaciation. The d t i n g  drainage pattern 
consisfs of nearly parallel streams that, in 
north- m u r i ,  trend to the south and 
drain into the Msouri fiver. Streams in 
nwtheastern Missouri, which drain dhxdy 
into the -ppi River, have a distinct 
s o u t h d y  trend 

Eldm in northern Mhouri  range 
from about 1,200 feet above mean sea level 
(msl) along major drainage divides in north- 
westerxl Missouri to abut 600 fee% msl dong 
the m u r i  and Misskippi rivers. 7he south- 
e r ~ ~  extent of &ciation roughly paralleh rhe 
Mbmuri river. It ends a few miles south of h e  
&EX on he side of h e  state, and a few 
n3esnord3ofrherivmiumostofthe~sida 

QSAGE PLAINS 
' I h e ~ P l a i t m s d w e s t e m ~ u r i i s a n  

area of relafdy low did with an even mare 
gentle mpgmphy than norhem muti Here 
p l a i n s ~ ~ t d u e t o & l m i m  Radler,this- 
I s u n d u l a i n b y P ~ ~ * ~  
& ~ g o f ~ t h i n ~ e s ,  
~ d s m n e s , d s h a l ~ .  *inrheareaarethin, 
runo$hap£d,dahereis~Mepundwa- 
terrecharge. El--fkam*1,000 
feet md along drainage divides near rhe Kansas 
bordertoabout6HIfeetmslhrheeastem~of 
rheareadmgheaSageM. Mostofthe 
-FMnsdrajtnsto theeastdnorrhintothe 
--, howwa, thesouthemdpofthe 
pmvhce drains mth and WES into Oklahoma 
to the A r b  River* 
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Table 1. G e n m h x i  seaion of geologic and sttatigmphk units (from Vandike, 1993). 
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OZAkCRS 
The Ozarb region is an u p W  area in 

south- Missouri and &@cent parts of Arkan- 
sas, Illinois and Oklahoma. Tbis region mn be 
subdirvided into the St. Fmcois Mountains, 
the Salem Plateau, and the S ~ r i n ~ e l d  Plateau. 

Tbe St Fmcois Mounmins in m u t h ~ -  
ern Missouri are the center ofthe uplift where 
d e d  mmps of a Premnbrlan mountain 
range stand in relief, surrounded by pun- 
tdimenmry rock. Although it h been a 
.mountain area for more tban a billion years, 
periodic uplift has further increased relief. 
The highkt elevation in the Ozarks, as we11 as 
in the state, is in the St. Prancois Mountains at 
the top of Taum Sauk Mountain - an elmtion 
of 1,772 feet msl. The ourcrop patterns of 
pungcr -mry d units form a rough 
"Ilkye" m u d  the St Prancois muntains. 

?he SalemPlateau surmunds &St h c o i s  
Mountains, a n d i s ~ o s e d o f ~ c k d o v i -  
dan and Cambrian age d h m m m r g  h. me 
~ i s ~ d i s s e a s d , a n d Q r m s i s t s o f s t e e p -  
s i d s d , d e e p ~ e y s ~ b Y ~ g e n t f y  
rolling uph& l h q ~ f o r  upland a m q  the 
mocbarnsoiIsh~aretypicallythin. Inuphd 
m z i n g s , t h e b e d r o d r i s ~ b y t h i c k ~  
0 f u n - M e - h  
demmpsdbdrd~  Theresiduumistypblly 
pesmeable, allows bigb rates of ground- 
--. 

?he part of the Ozarks that is underlain 
by -ppian age rock is termed the Spring- 
field Plamu. The Wan and Springfield pla- 
teaus are separated by the Eureka Springs 
escarpment. In southwestern M*1ssouri, the 
Springfield P b u  is generally lower in relief 
than the Mem PIateau. Depending on 1oc;t- 
tion, surface warn fKrm the Ozarks dtalns inm 
the Missouri River, Mississippi River, DVhite 
River or Arkansas River. 

SO- LOwuNm 
The Ozarks end abruptly along the Ozxrk 

-mat w h e  they abut rhe South-tern 
Lowlands The Southasmm Lowlands which 
form the Bootfid area of Missouri, are largely 
covered by duvhrm tbat was deposited by rhe 
St. Francis, Misisiipi, and Ohio rim. 'Zhe 

most prominent topopphic feature of the 
Southastern Lowlands area Is Csowley's Ridge, 
a line of low hills that roughly parallels the 
Ozark esmrpment in the northwatem part of 
the lowlands. Cn,wlefs Ridge and asso&ated 
other isolated hills in the lowfands are mm- 
posed of Tertiary, Cremceous, and Pal~ozoic 
rocksthatforrnishdsinthealluvialmataials 
that surround them. The lowest elevations in 
muri are in the Sourheastern bwlands. 
'Ibe lowest poht in m u r i  is on the Lirtle 
River at the Arkansas border where the elm- 
tion is about 230 feet &. 

Drainage patxerns in the Southeastem 
Lowlands have k e n  hwically aI& durfng 
the past century. Pornmealy, tbe Bootheel was 
notedforitsswzungsandpoo~dminage. Drain- 
age projects, beginning in the late 1800s and 
continuing well into this century, diverted 
water entering the Bootheel from the north 
dkctlyinto the Mshippi River. The projects 
also divered water between the Mississippi 
and St Francis Rhrers into a series of south- 
flowing drainage ditches that channel the wa- 
ter south into Arkansas and, finally, hto the 
Mississippi River. 

- 1 m c A N D  GBO-C 
mmcrs ON w m  ~ U ] E t ~  

The effects of geology and physiogtaphy 
on Missouri surface water mwes are pr+ 
nounced. For exampIe, the giacial till of 
northern M i s a r i  has a very low pemaeabili- 
ty, therefore, infiltration is low and runoff is 
rapid. The low permeability and lack of 
groundwarn inflow into streams makes for 
very low base flows during dry w e a h .  Pur- 
thermore, northern Missouri is extensively 
row-cfopped for the production of corn, soy- 
beans and other grains, and glacial till is easSly 
eroded, e s p d y  on steeper slopes. This 
combination l& to high suspended sedi- 
ment loads in many srreams and rivers. 

Condions are nearly the opposite in the 
Ozarks. Here, -use of mpography, thin 
mas, and poor soil fertility, row cropping is 
mosdy limited to the f lodphhs  of major 
mwms and *. Thus, there is much lower 
soil loss due to erosion. Most s t m m s  in 



southern Missouri receive considerable 
gmundw%terfrornsprings and general ground- 
water mow, so wen during dry wmher they 
have well-susmhed base flows. 

A comparison of hydrologic cbmcmb 
tics of s h k r  size bas'm in northem and 
southem muti shows how geo1ogic fac- 
tors, to a -t excent, control basin runoff. 

The North R3v-e~ at Palmwn, an upper 
W i p i  River tributary, drains 373 square 
des. Glacial till covers the bedrock h c e  
throughout most of the bash, and the till is 
underlain by Mtssissippianage sedimentary 

Average didarge of the North River, 
basedon60yearsofrecords,is264f@/sec:,or 
an avemge annual runoff rate of about 9.61 
inches. 

'The Jh Fork at Emf-, a Cmmnt 
lllver tributary in the Wan Plateau of the 
Omks, has a sknW drainage area, 398 square 
miles. Based on 73 years of record, average 
discharge here is 457 ft3/sec, or about 15.6 
Inches. Most of the difference in the amount 
of runoff can be attributed to dd1.  Average 
annual Wall in the North River basin is abut 
36 inches, while the Ja& Fork receives about 
42 inches per year, a diffmce of 6 inches. 
HQW~WX, differences in the low-flow charac- 
tmisth of the two strams are due to geology. 
Figure 3 is aflowduratlon curve of both rivers. 
It illustrates the dierences in low-flow dis- 
charge. Row of the North Riva is greater than 
3.2 fi3/sec abut 90 pacent of the time, but 
there are numerous time when there has 
k e n  no flow in the stream The lowest 
recorded flow for the Jacks Fork River is 64 
W/sec, and 90 percent of the time the flow 
exceeds 123 ft3/sec. 

?be N& Itfoff bash is underlain by 
low-permeabili glacial drift that dms not 
r e l m  enough groundwater to maintain flow 
during dry wearher. 'Lbe Jd Pork is pre- 
cisely the opposite. Its basin is &amadad 
by large springs developed in permeable Cam- 
brian- and Ordovicianage dolomites. me 
springs are rdmged from sinkholes, losing 
m, and g e m d  hfilWon through the 
p e m a e a M e ~ ~ ~ r h a r ~ m o s t o f t h e a r e a  

 mud^ of the wta thar would d b a d y  run & 
into is &amelled undqpund &rough 
l o d n g ~ a n d ~ e s .  Xhewamhthm 
slow relased frwn storage by the aquifer 
throua t p r i n ~  which help ro maintain the 
~basef1owofthemax-n 

In most of northern m u r i  and the 
Osage P- surface water and groundwater 
mn be considered separate resources. In the 
O z d s ,  however, it b neither logical nor 
desirable to always consider surface= and 
groundwater as separate entitles. 

The Ozarks is d y  underlain by dolo- 
mite and limestone formations that have been 
greatly afFeded by -thering, both at land 
surface and In the subsurface. Solutimal 
weathering of the bedrock has created well- 
I n t e e  subsurface m g e  sysmns that 
a p m  surface wam and channel it under- 
ground W~isarriedundergroundthrough 
losing seams and sinkholes, and immgmtd 
through cave-like openings to springs w h e  
the water surfaces. A losing stream is one 
which loses most or all of its normal flow into 
the subnuface. SInkh01es are topographic 
depresions formed by the subsurface remov- 
al of soil and rock. Both &&holes and losing 
srreams funnel large volumes of surface water 
into the subsurface. 

h m u c h o f r h e O z a r k s , ~ ~ $ ~ e ~  
unkgmund in losing screams and shdhola, 
~erebyproviding*~w-recfiarge. 
Rapid infiIwatbn ofrainfan rhtougb the pemhe- 
ablesurffdalraaterialsisalsoan important- 
of-recharge- 'Lhe-m- 
mums tn the surfacff at spine and again be- 
llwaessmfacemm. h p b  Wcyrlemybe 
r q x a t e d t w o r n m r e ~ b e f o r e t h e ~  
enters a srream with pamanemf flow. This 
iaraactiw--watesandg~,und- 
x m a  is throughout dx Om&, and 
gruunciwmr m o m t  is rapid S-, caw, 
shkhdes, a n d o t h e r ~ f ~ s o  aommon in 
theOmbarenotpresentinmastorhec~of 
the -. Most groundwater in 0th- 
p g m o f M i s s o u r i i s b y ~ s l o w d o ~ d  
movement of from pmipmon m 
shanow aql i fe~s .  



P ~ o f t i m e i ~ v o t u e w a s e q u P l e d o r e x ~  

Figure 3. Flow-dumim curvch Jaeks Fork at and Noah XWI at Prrlmyra. 
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HYDROLOGIC CYUE 
Alzhough the distribution of water chang- 

es over time and from place to place, as 
evidenced by flooding and drought, the toml 
volume of water does not change. is a 
continuous interchange of water from ocean 
to atmosphere to Iand surfacea n --ending 
hydrologic cycle that is powered by solar heat 
(figure 4). 

Water enters the aunosphae from ocean 
and land-mass evaporation, and plant transpi- 
ration. The losses due to evaporation and 
transpiration are generally combined and re- 
ferred to as evaporranspiraxion. Water vapor 
in the amphere  condenses, and returns to 
the Earth's surface though precipitation. 

Much of the water supplied from precip- 
itation is evaporated back into the atmosphere 

Figure 4. The hydrologic cyde showing the approximate range of average annual precipitaEtw, evapotranspiration and 
runoff &I Misswri 



or is used by plants and returned to the atme 
sphere. If precipitation is heavy or soh are 
already saturated, surface-water runoffoccws 
and the water atas streams and lakes, even- 
tually returning to the atmosphere or ocean. 
Depending on geologic conditions, rhe re- 
maining water from precipitation enters the 
subsurface and recharges pundmta sup- 
plies. Eventually, most of h Js returned to the 
Earrh's surface as spring flow or general gmund- 
water inflow into streams and rivu-s. The 
average annuaI amounts of precipitation, 
evapotranspiration, runoff, and groundwater 
recharge and discharge, are also shown in 
frgure 4. 

ThlmL4mm-m~ 
Missouri has a humid, continental di- 

m e  with an average temperature of about 
55T. Average annual tempemure ranges 
from a low of abouf 5 lT  in the northwestern 
m e r  of the state to a high of about SW in the 
BootheeI. Rainfall in M i u r i  has a much 
P e r  varkxhn, normally lowest in the north- 
western corner of the state and highest in the 
southeast. 

More than one hundred years of temper- 
ature and rainfall data are available from some 
e e r  stations in Mkouri. A plot of average 
annual precipitation containing data from all 
obsemuion smtions in Missouri with at least 
40 years of record is shown in figure 5. Basad 
on these data, m a n  m u d  rainfall mges 
from less than 35 inches in northwestem 
Missouri to about 48 inches in the Bootheel, 
with a statewide average of about 38 inches. 
Average m a 1  precipitation is shown in 
ftgure 6. Hiest rainfall amounts are gener- 
ally during spring months, and the lowest are 
in the fall and winter. Rainfall during June, 
July, and August, in the peak of the growing 
-n, normally ranges from 11 to 13 inches 
statewide. Despite this, high t empemm 
during the same period often deplete soil 
moisture storage and lad  to deficiencies in 
moisture for crops and vegetation. 

Although precipitation in Missouri is nor- 
mally d ~ c i e n t  for most needs, c k d c  =- 
me~ occur all m frequently. Figures 7 and 

8 show Misx>wi predpimtion during 1956 and 
1957. In 1956, much of the state was still 
suffering from an extended drought. M d  
was low in much of central and northern 
Missouri while parts of soutl~entraf Missouri 
had nm-normal amounts. The following 
year, part of norrhwest muti was still dry, 
but yearly rainfall amounts as high as 90 inches 
were recorded In southeast Missouri For 
northern Missouri, 1988 was one of the driest 
yearsonrecod Manyareasreceidlcsrhan 
one-half of the normal rainfall (figure 9). Most 
of the remainder of the state, though, had 
average or above average rainfall. 

m u r i  has suffered several periods of 
major drought during this century. Based on 
the discharge d of major rivers, northern 
m u r i  had the worst drought conditions 
during the early 1930s. Most rivers here had 
their lowest average annual flow in water year 
1934. In the southem part of the state h e  early 
1950s were very dry. Waxer year 1 954 was the 
lowest flow year on record for many rivers in 
southem Mhouri 

The year 1993 will, undoubtedly, be 
remembered as one of the wemt for 
m u r £ .  R i v a  in much of the state had 
record peak flows as well as record yearly 
flows. Precipitation throughout most of the 
state was above nwmal (figure 10). Northwest 
Msmuri, normally rhe driest area, had nearly 
twice as much precipitation as normal. Parts 
of east-central and southwest Missouri had 
yearly precipitation that errceded 70 Inches. 
Southeastern Mkmwi, normally the wems 
area in the SEW, was one of the driest areas in 
1993. While in many areas of Missouri resi- 
dents were sandbagging levees to control 
flmding, farmers in the Bootbeel wepe irrigaf- 
ing beam of locally dry conditions. For 
many Ozark streams, water year 1985 was the 
year of highest flow. 

m ~ ~ n o ~  
Although precipitation is the ultimate 

source of the water resources base, not all of 
the water from precipitation is available for 
use. On average, abut 28 inches of Msmuri's 
average 38 inches of precipitation is lost to 



evapotranspiration. Average annual evape 
transpiration r a w  varies from about 26 inches 
in extreme northem m u r i  to about 30 
inches In southeastecn m u r i  (Wre 11). 
Smtewide, r b e m d n h g  lOInches, mahut 26 
percent af tbe pr&piwbn, -run&. 

1- 
Average annual runoff rates range h m  

about 5 inches in nonhwaem Misouri m 

about 20 inches in the Southaxern Lowlands 
(figure 12). In the 0-s, much of what is 
shown assurface-water runoff indudes ground- 
water Mow into streams. Here, numerous 
loslng streams and sinkholes channel large 
quantities of water into limestone and dolo- 
mite aquifers. Most of the water is returned to 
the sweams and rivers at sprhgs. The amount 
of groundwater underflow, which leaves the 
area, is comparatively minor. 



AVERAGE SPRING PRECIPITATION 
MARCH, AWL,  AND MAY 

4 

A W G E  AUTUMN PRECIPITATION 
SEPTEMBER, m B E R ,  AND N O W E R  

AVERAGE SEASONAL PEECWlTATION 

AVERAGE SUMMER PRECIPITATION 
JUNE,lULY, ANDAAtK3UST 

I I 

AVERAGE WENTER PRECIPITATION 
DECEMBER, JANUARY, AND FEBRUARY 

~inesofeq~alprecipitation 

( s m :  M k ~ u r i  W e  Atlas, 1986, p, 12. WWI 1931-I960 @pitation data) 











Srwface Water Resouma ofMWuri 

(Source: USGS Hydrologic 
A- HA-49 1. H A W ,  

HA-550, a d  HA-372) 

Figure 11. Estimated annuaI evapotranspiration losses based on 1931-1960 moE and predpiration dam. 



Abp&gq@y and a m a t e  



S u f l a ~  Wader Remum of Mfssoufi 

Figure 13. Major rim basins in the Mdooatinent region. 



Gewral Sutuac~ Water Resources of Missotlri 

GENERAL S m A  

All of Missouri drams directly or i n d i y  
into the M&s&sit$@i Rhm. Upstream from St. 
Louis, abut 7,783 square d e s ,  (1 1.2 percent of 
the rota1 area of the state) drains directly into the 
W i i p p i  River. Downstream from St. Louis 
and upstream from the OEdo Rkter, another 
6,850 square miles (9.8 percent of the state) 
drains into the Mississippi. About 4,975 square 
miles (7.1 percent of Missouri) flows into 
northern Arkansas and into the Mississippi 
River. Anoher 13,547 square miles (19.4 
percent of the state) drains into the White and 
Arkansas rrFvers. The remaining 52.4 per- 
cent of the state, about 36,537 quare miles, 
drains into the Missour+ River (figure 13). 

Based on an average annual runofitate of 
10 inches, surface water from precipitation 
originating in M i u r i  each year axrerages 
about 37 million ac-ft, or abour 12 trillion 
gallons. Anorher 30 million ac-fi (9.8 trillion 
gallons) enters the state from the M&sourf 
Riwer. The upper Mississippi Rium con- 
tributes an additional 85.5 million ac-ft (27.8 
trillion gallons). Not counting relatively minor 
contributions from streams flowing into 
Missouri from Iowa and Kansas, the above 
total equals about 152.5 mPElion ac-ft (nearly 
50 tralion gallons). 

The M&sour3 Rfuer drains a total area 
of about 529,000 quaae miles, of which about 
36,537 square miles (about 6.9 percent) lies in 
Missouri. Despite the relatively small amount 
of Missouri River drainage area that is in 
Missouri, mnoff from Missouri conwibutes 
greatly ro the flow of the Missouri River within 
the stare. The average discharge of the Missouri 
River at Kansas City, baed on data collecred 

from 1897 through 1993, is 50,850 ft3/sec. 
Data collected during the same time intetval at 
H m u n n  shows that the average discharge of 
rhe Misouri River at Hermann is 78 ,m  ft3/sec. 
Flow of the M i u r i  River between Kansas 
Ciry and Hermann increases an average of 
27,550 fi3/sec (about 54 percent). 

On the average, about 65 percent of the 
flow of the MfSsourt Rfuer ar Hemzann is 
provided by mnoff from states upstream from 
Missouri, while 35 percent of the water is 
provided by the state itself. These values are 
only approximate, but they show the impor- 
tance that runoff in M i u r i  has on the flow of 
the river withi h e  state. In the above frgures, 
runoff from the Nodaway and PIatte riuers 
were included with that of upstream states. 
Runoff from Iowa through the G r a d  and 
GharPtm *em, and from Kansas in the 
upper Osage basin, were included with run- 
off in M i s u r i .  

An examination of the discharge records 
of the Mfssourl River shows that, despite its 
large drainage area, the Missouri River basin 
upstream from Missouri has a very low runoff 
rate. The M i u r i  Rives upstream from Rdo, 
Nebraska, near the northwes~ern tip of 
M i w u r i ,  drains an area of about 414,900 
square miles. The average discharge of the 
river at Rdo, based on 44 years of record 
keeping, is only abour 41,280 ft3/sec. Thii is a 
mnoff rate of only about 11.35 inches. Annual 
runoff of the Missouri River at H m a n n  is 
about 2.03 inches. 

SeveraI factors contribute ro the low run- 
off rate of the Missouri River basin. Precipita- 
tion in most of the Missouri River basin, corn- 



Surface Water Resources of Mimurl  

pared to that in the state of Missouri, is quite 
low, less than 15 inches in many areas. The 
Missouri Rives is nearly a conrinuous reservoir 
from Gavins Point Dam in southeastern South 
Dakota to Oahe Reservpfr in North Dakota. 
Evaporation from shese reservoirs is greater 
than the flows of many small rivers. 

The M~sissPppf Riuer upstream from 
the Missouri River drains a much smaller area 
than the Missouri but has a much higher runoff 
rate and annual discharge. Upstream from 
Grafton, Illinois, which is 23 miles upstream 
from the confluence with the Missouri, the 
W i i p p i  Rives drains an area of abour 171,300 
square miles. The average discharge of the 
river here is 122,800 ft3Jsec (9.74 inches). The 

drainage basin is less than one-third the size of 
h e  Missouri River basin, but discharge is 
92,900 ft3/sec or 56 percent greater. 

There are dozens of smaller river and 
stream basins in the state that contribute great- 
ly to the overall w a f e r  resources of Missouri. A 
1968 survey by the Missouri Depamnenr of 
Conservation inventoried 18,077 miles of 
streams in the state showing that abour 9,865 
miles of stream contained permanent flow, 
and 8,212 miles have intermitten1 flow and 
permanent pools. Though not specified, there 
are undoubtedly several thousand miIes of 
additional streams with lesser flows. 

There are numerous surface-water im- 
pound men^ Missouri. They range in size 

--I-*--C 

Figure 14. Major U.S. Army Carps of Engineers and private reservoirs in Missouri. 



from farm ponds less than one acre in size, to
Lake of the Ozarks, which has a surface area at
normal pool level of 55,600 acres. Allor parts
of 13 major u.s. Army Corps of Engineer
impoundments are in Missouri (figure 14 and
table 2). At normal pool levels, these reser-
voirsimpound 10,080,700ac-ftofwater(about
3.29 trillion gallons). There are also 4 major
privately owned reservoirs in the state with a
combined total storage of 1,997,575 ac-ft.
Combined, all of these major reservoirs im-
pound more than 12 million ac-ft, holding
enough to cover the entire state with 3.2
inches of water (Atlas, 1986).

These large impoundments are only a
few of the total number of reservoirs in the

General Survace Water Resources of Missouri

state. In 1980, an inventory was made of all
dams in Missouri that were at least 6 feet in
height and impounded more than 50 ac-ft of
water, or were at least 25 feet high and im-
pounded more than 15 ac-ft of water. The
inventory found a total of 3,240 dams in
Missouri that fit these criteria, including 85 that
are federally owned or controlled. Since 1980,
approximately 733 more dams of this size
have been built, and the total number of lakes
is now estimated to be 3,973 (Alexander,
1995; personal communication).

The vast majority of the ponds and lakes
in Missouri are privately owned and used for
agricultural or recreational purposes. The
Department of Natural Resources regulates

&Yarics with month of1hc year
boam is in Arlcansas

c Yarics with elevation of Bull Shoats Lake
dyarics withre1casc ofwatcr ftom Table Rock Lake

Table 2. Physical data for major reservoirs in Missouri.
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WappapeUo St. Francis 1941 2,700 109 417 395 355-360& 613,000 30,900-62,800& 23,200 4,100 - 180
:::F Black 1948 4,225 154 608 567 494-498& 413,000 22,000 10,350 1,630 172 27

NortbForIe 1944 2,624 216 590 580 5SO-554& 1,983,000 1,251,000 30,700 22,000 510 380
BuD Shoals b White 1952 2,256 256 708 695 654 5,408,000 3,048,000 71,240 45,440 1,050 740
TablcRock White 1959 6,423 252 947 931 915 3,462,000 2,702,000 52,300 43,100 857 745
Stockton Sac 1973 5,100 153 912 892 867 1,674,000 875,000 63,200 24,900 - 298
Pommc de Tcrrc PommcdeTcrrc 1963 7,240 155 905 874 839 407,000 243,000 16,100 7,820 - 113
Harry S Tnunan Osage 1979 5,000 126 756 740 706 3,999,300 1,202,700 209,300 55,600 - 958
Longvicw LittleBlue 1982 1,900 110 927 909 891 46,900 22,600 2,890 930 - 24
BlueSprings East Forie Little 1982 2,500 57 835 814 794 21,600 5,600 940 560 - 13

Blue
Smithvillc LittlePlatte 1979 4,000 75 895 876 864 246,soo 154,000 17,190 7,190 - 175
Long Branch EastForie 1979 3,800 71 826 801 791 65,000 35,000 6,100 2,430 - 24

Cwiton
Mark Twain Salt 1983 1,940 138 653 638 606 1,428.000 457,000 38,400 18,600 - 285

Private
Lake of1hc 0zarIcs Osage 1931 2,543 148 670 - 660 - 1,927,000 - 60,000 - 1150
(UnionEIcdric Co.)

Naangua(ShowMe Ni3ngua 1931 850 20 711 - 771 - 1,200 - 300 - 12
PowcrCo.)

701dTancycomo White 1912 1,265 50c - - - 9,175 - 2,100 - 53
(EmpireDistrict
EIcdric d>.)

ThomasHill Middle Forie 1967 3,000 77 737 715 703 83,500 60,200 5,400 4,800 - 70
(Associated Qwiton
EIcdric Coop.)
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most non-federal dams greater than 35 feet in 
height through its Dam and Reservoir Safety 
Program. The department currently regulates 
560 dams greater than 35 feet in height. Dams 
and reservoirs used for agricultural purposes 
in Missouri are not regulated. There are about 
38 agricultural dams greater than 35 feet in 
height in the state. 

As of 1991, 123 reservoin in Missouri 
were being used for public water supply 
[DEQ, 1991). Most of these are owned by the 
cities that they m e ,  but several are U.S. 
Army Corps of Engineer reservoirs. Some of 
the m i r s  serve more than one town, M e  
other towns use more rhan one reservoir. Abut  

25 of these wter-supply m o i r s  are supple- 
mented by pumping from a stream or river. 

Tbe number of lakes by county that are 
used for public water supply are shown in 
figure 15. Also shown is h e  fresh water-dine 
groundwater transition zone. South of the 
zone, deep aquifers shat yield large quanlities 
of warm contain water that requires Tide or no 
treatment before use. North of the zone the 
same aquifers contain highI y mineralized water 
that, without extensive treatment, is unsuit- 
able for most uses. As can be seen from figure 
15, most of the pubIic water supply reservoirs 
s m e  areas where productive aquif-as contain 
highly mineralized water. 

Figure 15. Number of pubIic water supply reservoirs by counry. 

28 



Gewal S u w m  Wader Resources o fMmun'  

The Missouri Department of Conserva- 
tion and Missouri Department of Natural Re- 
sources also have several lakes in the state that 
are important recreational resources. Table 3 
gives the names, Iocations, and oher informa- 
tion for 26 of these lakes. 

It is difficult to accurately estimate the 
number of small ponds in the state. However, 
the state has a surface area of 69,709 square 
miles. Assuming there are five ponds per 
square mile, then there are approximately 

350,000 ponds in Missouri. If each hoIds an 
average of 3 ac-ft of water, it means that more 
Ehan one million ac-fi of water is stored in 
Missouri ponds. Statewide, these smaIler 
ponds are important sources of water for 
livestock, fsh, wildlife and recreation. 

Lakes and reservoirs in MSsouri are an 
important asset to the water resources of the 
state. In northern Missouri, where even major 
r ives  have very low flows during dry weath- 
er, impoundments are the only way to ensure 

Name- Surface Drairtage 
Areakc) A m  lac) 

Harmony Mission 
Ben Branch 
Manjta 
Fox Valley 
Busch Wildlife#35 
Lake Paho 
Lake Lincoln 
St. Joe State Park 
N&my M e  
FingerLakes South 
Little Dixie 
BlindPony 
Blldmhacker 
Lake G W e a u  
Binder 
Pony Express 
Henry Sever 
Deer Ridge Comm 
Perry Co. C o r n  
Little Prairie 
Tywappity Comm. 
HunnewelI 
Indian Cr. Comrn 
Hazel Hill C o r n  
BiIby Ranch WA 

Bates I5 
m e  15 
Moniteau 8 
Clark 27 
St. Charles 19 
Mercer 25 
Lincoln 8 
St. Francois 18 
Nodaway 20 
Bmne 30 
CaIlaway 26 
Saline 18 
Vernon 26 
CapeGMau 9 
Cole 36 
DeKalb 33 
Knox 14 
Lewis 18 
Perry 22 
Phelps 21 
Scott 8 
Shelby 25 
Livingston 27 
Johnson 27 
Franklin 16 

(1) = Lakeownedby Missouri Department of Conservation 
(2) = Lake owned by Missouri Department ornatural Resources 

(Data source: DNR-Darn and R m o i r  Safety Program) 

Table 3. Lakes owned by h e  Missouri Qepamnent of Conservation and the Missouri Depamnent of Namral RGOWRS~ 
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an ample supply of water during drought. 
Evaporation is a major loss from reservoirs. 
Lake-surface evaporation in Missouri ranges 
from about 36 inches in northeastem and 
eastern parts of the state to about 46 inches in 
?he southwestem comer (figure 16). Evapora- 
tion during May rhrough October, accouns for 
74 to 78 percent of the annual amounrs. The 
17 major Corps of Engineers and private reser- 
voirs in the state have a combined surface arm 
of about 301,500 acres (471 square miles). 
Yearly evaporation losses Erom these reser- 
voirs is a b u t  980,000 ac-ft, 0 1 9  billion gal- 

lons). This amounts to an average loss of 1,353 
f i k ,  is approximately the average Iong- 
term flow of the Merattmec Riwr near Szclliuan. 

Numerous rivers and streams Iocated 
prirnariiyin northern and western M h u r i  are 
also used for municipal water supply. Of the 
55 surface water intakes, 11 produce from h z  
M#ssoutS Rime, five from the M&sissippi 
River, and three from h e  M m m e r :  River. 
The remaining 36 are from other streams 
(rable 4). Individual water supply reservoits 
and surface-water intakes will be discussed in 
more detail in later sections of this report. 

May-October evaporation 
'--, in precent of annual. 

(From U.S. Weather 
Bureau, Technical paper 
No. 37, 1959, modified 
h m  Skelton, 1 968). 

Figure 16, Estimated annual lake evaporation in Missouri. 
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NAME OF SUPPLY NAME OF STREAM C0IJNT-Y 

1 MISSOURIRIVER 
St. J o q h  Missouri Riva 
Kansas City Missouri Rver 
Lexington Missouri River 
Higginsville Missouri River 
Glasgow Missouri River 
Boonville Missouri River 
kf fmon City Missouri Rver 
St. Louis (Howard Bend) Missouri River 
St. Louis (Central Plant) Missouri River 
S t  Charles Mssouri Riva 
St. h u i s  .(North Plant) Missouri River 

MISSISSEPI RlVER 
Canton Mississippi Riva 
H m b a l  hllssissippi River 
Louisiana Mssiss~ppi River 
St Liouis (Chain of Rocks) Mississippi River 
Cape Girardeau Mississippi River 

MERAMIX m R  
Kirkwood Maamec River 
St. Louis County (South P h t )  M m e c  River 
St. Louis County (Meramw: PIant) M m e c  River 

O T m B  
Adrian South G m d  River 
Amoret Marais k Cygnes River 
Archie South Grand River 
Bates Co. PWSD #2 Miami Creek 
Branson Lake Taneycomo 
Brook field Yellow Creek 
Bucklm M w e l  Fork C- 
Butler Marais De Cygnes River 
ButIer Miami Creek 
Cass Co. PWSD #7 South Grand River 
Chillicothe Grand River 
Clinton South Gmnd River 
Dearborn Bee Creek 
Fredericktown Little St. Francis RivR 
Gower Castile Creek 
Je!Tmn Co. PWSD #2 Big River 
Joplin Shoal Cnxk 
Marceline Muwl  Fork Creek 
Maqville One Hundred and Two River 
Nmsho Shoal Creek 
New London SaIt River 
Pans Midae Fork Salt River 
Perryville Saline Wer 
Piedmont Black River 
Plattsburg Smithville R m o i r  
Poplar Bluff Black River 
IWs Co. PWSD #I Salt River 
Ridgeway Big Creek 
Rockvdle Osage River 
SBda3ia Flat Riva 
Shelbina Salt River 
Smlthville Little PIatte River 
SpringfieId James hver 
Sweet Springs BlackwatR River 
Trenton Tbompson River * 

Wyaoonda' Wyaconda River 

Table 4 .  Public water suppi y intakes on rivers and streams (DEQ, 1991) 

Buchanan 
Clay 
Lafayette 
Lafayette 
Howard 
Cooper 
Cole 
S t  Louis 
St. Louis 
St. Charles 
St Louis 

Lewis 
Marion 
Pike 
S t  Louis 
Cape Girardeau 

St. Louis 
st .  huis  
st. Louis 

Bates 
Bates 
Caw 
Bates 
T ~ Y  
Linn 
Macon 
Bates 
Bates 
Cass 
Livingston 
Heary 
Platte 
Madison 
Clinton 
Jefferson 
Newton 
Linn 
Nodaway 
Newton 
Ralh 
Monroe 
Perry 
Wayne 
Clinton 
Butler 
Rdls 
Hamison 
Bates 
Pettis 
Shelby 
Clay 
Greene 
S h e  

b d y  
Clark 
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Secgme Water Q d i t y  

Water faJ.1Eng through the atmosphere as 
precipitation contains very little dissolved or 
suspended materiaIs. Upon striking the 
ground, water begins lo dissolve soluble ma- 
terials that affect the quality and poten tid uses 
of the water. In addition, clays and other 
sediments can also be carried with moving 
water as suspended rnarerid. The mount of 
suspended matter in surface wafer can also affect 
its ppotenM uses and the cost of vestment 

Most of the d i i l v e d  constituents found 
in surface water are from soluble earth mate- 
rials. Ions such as calcium, magnesium, silica, 
iron, manganese, bicarbonate, sulfate, chlo- 
ride, potassium, and sodium are all common 
di i Ived  constituenw to be found in surface 
water. For drinking water, the sulfate and 
doride conrents should each be below 250 
rnilIigrams per liter (mg/l). Total dissolved solids 
should be less than 500 mg/l, although depend- 
ing on the concenuations of specific ions, total 
b l v e d  solids as high as 1,000 mgA can be 
tolerated for certain uses, Iron and manganese 
are present in most water, but iron levels above 
0.3 m d ,  and manganese content greater than 
0.05 IT@, can give the water a metallic mse tasted 
stain laundry and plumbing f m c e s .  

Nurrients such as nitrate, nitrite, arnrno- 
nia, and phosphate are present in varying 
amounts in surface water. All of these are 
common constituents in commercial fertiliz- 
ers, and most are also found in animal and 
human wass. 

Most of the surface water in Missouri is of 
good chemical qudiry, and most constimenw 
are within recommended levels. Sulfare and 
chloride are genedly well under 250 mgfl 
a c h ,  and totaf dissolved solids are usually 
Iess than 500 md. Nitrogen and phospho- 
rous levels vary greatly, dqendhg on agricul- 
rum1 runoff or the presence of wastewater 
discharges in the watershed. For drinking 
water, nitrate content should be less than 10 
mgA (as nitrogen). Pesticides may be present 
in surface water in agricultural areas, but are 
generally in very low quantities. However, 
recent sampling has found concentrations of 
certain pesticides that are above maximum 
conlaminant levels in some surface water sourc- 
es in northern and western Missouri 
(Cululingham, 1995; personal communication). 

Soils in many areas of Missouri are easily 
etoded. In northern and western M i u r i ,  
where row-cropping is most common, rivers 
and streams ofim have high suspended sedi- 
ment loads, particularly after heavy rainfall. 
Suspended sediment is normally low in Ozark 
screams except during periods of hi& runoff. 
In recent years, changes in farming practices 
and erosion reduction programs have de- 
creased the amount of soil erosion in M i u r i ,  
and reduced rhe suspended sediment loads of 
many srreams. 

Surface water and groundwater quality 
will be discussed more fully in future State 
Water Plan documents. 
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WYACONDA 

DES MOINES 

Figure 17. Upper Mississippi River uiburaries in Missouri. 
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MISSOURI SUREACE WATER RESOUKaS: 
BASIN D E S C ~ O N S  

The foliowing sections describe the surface 
wafer resources of smaller river basins within the 
state's major river watersheds. flow characteris- 
tics, basin size, reservoir development, runoff 
volumes and rates, and other factors are given for 
seIected rivers. River basis are presented in rhe 
following order: Upper W i i p p i  River tribu- 
taties, Missouri River tributaries north of the 
Missouri River, Missouri River rributariies south of 
the m u r i  River, Lower Mississippi River trib- 
utaries, White R i a  wibumries, and Atkanms 
River tributaries. 

Nearly all discharge information for 
streams has k e n  taken from U.S. GeoIogial 
Survey water resources data reports for vari- 
ous water years. Most average vdues are 
based on water years rather than calendar 
y a m .  A water year is the 12-month period 
beginning the preceding October t and end- 
ing September 30. In other words, water year 
1993 covers the year beginning October 1, 
1992, and ending September 30, 1993. 

~ o s t  information on drainage basin sizes 
has been taken from Mzneral and Water Re- 
sources of Missouri' (MGS, 1967). Public water 
supply intake and resemoir data, as well as 
other public water supply information was 
provided by the Public Drinking Water Pro- 
gram though their 1391 Censtbs of Missouri 
Public Wder Sy~ems, (Cthe mosr recent pub- 
lished census). Where possible, more recent 
surface-watersupply information was obtained 
directly from DhR regional office personnel in 
Macon (Everett Baker) and Kansas City will- 
iam Hills). The M&owi Water Atlas (Atlas, 
2986) was also used emensively as a source 05 
information. 

UPPER MLSSISSIPPI RM3R 
TRLBUTAiRIEs 

Many authorities consider the boundary 
beween the zspper and btaer M&sissippi 
Riww basin to be the Ohio River. However, 
for purposes of &is report, fhe term "upper 
Mississippi River" will refer to that reach of the 
Miissippi upsueam from the confluence of 
Ehe mssousi and Mississippi rivers, and the 
"lower Mississippi River" will include the 
reach downstream from the confluence of zhe 
Missouri and Miissippi rivers. 

The upper MEssBssippf R f v w  drains 
approximately 171,300 square Ides,  of which 
about 7,790 square miles is in Missouri and 
accounB for about 11.2 percent of the state. 
Average annual runoff from this area in Missouri 
ranges from a b u t  7 inches in the northwest 
corner to about 10 inches in the souhast near 
St. Louis. The drainage patterns of the north- 
ern tributaries in this area are quite similar. 
Basins are southeast trending, and are gener- 
ally relatively long wish respect to their width. 
Several of the basins have zheir headwaters in 
southeastern Iowa. Figure 17 shows the draii- 
age area of the upper Mississippi River basin 
in Missouri, and gives the names and locations 
of major uibumy streams. 

Most of northeast Missouri is covered by 
a thick mantle of glacial dfift ranging from zero 
to more than 300 feet thick, and averaging 
about 100 feet thick. The glacial mareds in 
this region are generally thickest in the upland 
areas in Schuyler County, and thinnest or 
absent along the lower reaches of the major 
streams in the central and southeastern parr of 
the area. Loess, which is wind-blown silt 
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derived from the floodplains of major rivers 
and deposited on h e  uplands during the 
Pleistocene (Ice Age), covers part of the M f s -  
sissippf River hffsin in Missouri. The loess 
is generally thickest dong the Muffs ad'jcent to 
the Mississippi River, thinning to the west. Re- 
petitive limestone, sandstone, and shale forma- 
tions of Pennsylvanian-age underlie the drift in 
the western part of the basin;  iss sip pi an-age 
limestones and shales and older sedientary 
rock underlie the drift in h e  eastern p m  of the 
b i n ,  parWuIarIy along the Lincoln fold. The 
Lincoln Fold is a nwlhwest-trending antidine 
that parallels the MsStppi Rim &mu& Lin- 
coln, Pike, Ralls, and Masion counties, 

The flow characteristics of most of the 
rivers in this area show similar patterns. 
Groundwater inflow into the streams is mi- 
cally low, wen during wet weather. During 
extended droughts, most of the rivers have 
periods of no flow. 

The chemical quality of water in s t r a r n s  
in rhis area is generally good. The water is 
normally a calcium-magnesium-bicarbonate 
type. Total dissolved solids are generally less 
&an 500 milligrams per liter (rnd).  Sulfate is 
present in moderate levels in many of the 
rivers, but is generally Iess rhan 150 r n d .  
Niuate, ammonia, and phosphate leveIs are 
ordinarily below 1 mgA, but elevated levels 
can occur due to agricultural wastes, chemical 
fertilizers, and wastewater discharges. Bacte- 
ria levels are variable, depending on season 
and wastewater inflows. Suspended sedi- 
ment content is often high, and increases 
greatly after heavy precipitation (Gann and 
others, 1971). 

Most of the towns in the basin, especially 
in the northern part, depend on surface water 
for pubIic water supply and have reservoirs. 
Several either use an intake in a river, or 
supplement reservoir storage with water from 
a stream. Groundwater resources in most of 
northeastern Missouri are poor. The glacial 
dr& lypically does not contain appreciable 
clean sand, and supplies only modest quanti- 
ties of water of marginal quality. Sweral 
towns in the southern part of the region, south 
of the fresh water-saline water transition zone, 

use deep welIs that produce from bedrock 
aquifers. Rural residents nor using water from 
pubIic water supply districts typically use 
shallow wells or cisterns for domestic needs. 
PubIic water from rural water districts is avail- 
able in part of the area. Glacial $rift in the area 
is typically suitable for developing ponds, 
which are widely used for stock watering and, 
ro a much lesser extent, for private surface 
water supply. 

rn M o m  m 
The lEes Moines River, which drains 

much of southeastern Iowa, has a total drain- 
age area of about 15,000 square mjles. How- 
ever, only about 80 quare miles of Ehe drain- 
age basin lies in Mtssouri. The Des Moines 
River forms the northern bundary of the state 
for about a 20 mite reach in Clark Counry. 
Because of row-crop farming, the river carries 
a high sediment load and typicaIly has a 
relatively high nitrate level. 

Fox RrvER 
The Fox River rises in southeast Iowa, 

and enters the Mississippf Rivw about six 
miles beIow the mouth of the Des Mobs 
River in Clark County. The basin conzains 
about 502 square miles with about 278 quare  
miles in Misoufi .  The Fox drains much of 
Clark County and the northeast corner of 
Scotland County. Lie many of h e  northern 
Missouri streams, the basin is relatively long 
and narrow. It is about 75 mileslong, but at h e  
most only about 10 miles wide. 

Upstream from Wayland, ththeox River 
drains about 400 square miIes. From 1933 
rhrough 1993, dwhxge bas averaged 262 fi3/xc 
(about 8.9 idyr). Average yearly runoff at this 
point is about 183,300 ac-ft. The highest 
average annual flow, 927 ft3/sec, occurred in 
water year 1993. The water year with the 
lowest average annual flow was 1956 when it 
averaged only 17.6 ft3/sec. Peak recorded 
flow was April 22, 1973, ar 26,400 fc3/sec. 

Figure I 8  is a fl ow-duration curve for the 
Pox River at Wayland Historically, flow of 
rhe river at Wayland is less than 2.0 ft3/sec TO 
percent of the rime. Fifty percent of the time 
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Precentage of time indicated vdue was equaled or exceeded 

Figure 18. Flow-duration curve, Fox River at Wayland, 1923-1B3. 
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the flow is less than 37 ft3/sec. Zero flow 
conditions have been observed during several 
years. Based on 1922-1759 flow data, Skelton 
(1966) determined the 7-day Q, for the Fox 
River ar Wayland to be 1.1 fi3/sec. The 7day 
Q,, was calculated to be zero. The 7-day Q, for 
a stream is the 7 day low-flow discharge that 
has a recurrence interval of two years. More 
specifically, the 7-day Q, for a stream is the 
average minimum flow for 7 consecutive d ~ y s  
that has a recusrence interval of 2 years. In any 
year, there is a 50 percent chance that the 
average minimum discharge for 7 consecutive 
days wiII be less &an the 7-day Q, value. The 
74ay  Q, values are useful for evaluating the 
ability of a stream to provide a given volume 
of water during drought periods. 

WYACONDA RrVER 
The Wyuconda Riper consists of north- 

em and sou~ern tributaries, both of which 
rise in southeastern Iowa. The basin dra ins 
about 458 square miles, of which about 336 
square miles lies in Missouri. Its watershed is 
extremely narrow, generally ranging in wid& 
from 5 to 8 rides throughout its 70 miIe length. 
Et drains parts of Scotland, Clark, and Lewis 
counties. Near Canton, where it drains 393 
quare miles, it has an average annual runoff 
of 8.9 inches and an average annual discharge 
of 259 fi3/sec. Flow is less than 1.9 ft3/sec 10 
percent of the time, and less than 30 h3/sec 50 
percent of the m e .  The water-year of lowest 
runoff, based on records h r n  1932 to 1993, 
was 1989 when it averaged 14.2 ft3/sec. Water 
year 1993 was the highest-flow year on record 
when diiharge averaged 861 ft3/sec. 

The City of Wyacondca has a water-sup- 
ply reservoir in this warershed. The reservoir 
is on a tributary of the Wyaco- R i w ,  and 
has a surface area of about 8 acres (DEQ, 
1931). Reswvoir storage is supplemented by 
pumping from the South W y a c o h  River. 

The North Fub&s is joined by its main 
tributary, the MZddZe Fa&-, upstream of 
Taylor. The South Fabitls joins the corn- 
biied North and MiddIe Fabius s e v d  miles 
downstream of Taylor. The total drainage area 
is about 1,570 square miles; Missouri contains 
1,470 square miles of h e  watershed. The 
basin is about 80 miles long, and as much as 25 
d e s  wide. Moss of Schuyler and Knox coun- 
ties, and pasts of Scotland, Lewis, Adair, and 
Marion counties drain into the Fabius. 

There are 13 reservoirs in the basin that 
provide public water supplies: 

lLancasbw has rwo reservoirs that fur- 
nish municipal water. The old reswvoir has a 
surface area of about 10 acres, and the new 
reservoir about 41 acres. 

4Downiag uses an l&acre Iake for mu- 
nicipal water supply. 

J Memphis uses three reservoirs having 
2.06 acres, 42.6 acres, and 247.6 acres of 
surface areas. 

&Edina uses two lakes having 14 acres 
and 42 acres of surface area. 

I l h m s t m u ~ s  a 31-acre lake, and Lewis 
County PWSD #1 has a 60acre reservof. 

1BaPdng uses an 81-acre reservoir at a 
local countly club. 

4 LaBelk uses two reswvoirs having 17 
acres and 162 acres of surface area. 

There are no gaging stations on the main 
stem of the Pab- RBtter below the confluence 
of its vatious forks. At Monticdlo, the Norfh 
P&#m drains about 452 square miles. From 
1922 thsough 1993, the stream here averaged 
8.82 inches of runoff. Average annual dis- 
charge was 294 ft3/sec. The years of highest 
and lowest average flows were 1993 when 
flow averaged 923 fi3/sec, and 1989 when 
average flow for the year was 18.0 ft3/sec. 
Peak dScharge at rkis slam was 20,700 Et3/s8c 

on April 22, 1973; minimum flow is zero, 
which has occurred many times rhroughout 
the period ofrecord. Discharge of the stream 
is less than 4 ft3/sec about 10 percent of 

FABIUS RlVW the time, and less than 45 fr3/sec about 50 
The Fubgus River has its headwaters in percent of the time. The 7-day Q, for the 

extreme southeastern Iowa, and consists of North Fabius at Monticello is 2.1 ft3/sec 
major north, middle, and south tributaries. (Skelton, 1966). 



7heM2cEdteF&iusR#vmnearMontdceElo 
drains 393 square miles, and from 1945 through 
1993 its average runoff was 9.52 inches, Average 
flow for the period of record is 275 ft3/sec. Water 
years of highest and lowest average annual flows 
were 193, when flow a v e m g d  837 ft3/sec, and 
1383, when it averaged 18.7 fr3/sec. The highest 
instantaneous dixharge ever recorded at the 
station occurred Apd 23, 1973, when it ms 
15,100 F t 3 / s .  Periods of no ffow have been 
observed many times during dry wearher, and 
the 7-day Q,is 0.8 ft3 (Skelton, 1964). 

The S o u t h  Fabizcs River near Taylor 
drains 620 square d e s  and, based on dis- 
charge data collected from 1934 through 1993, 
has a average annuaI runoff of 8.94 inches. 
Average discharge throughout the period of 
record is 408 fi3/sec. Figure 19 shows average 
daily discharge for the stream during years of 

lowest and highest recorded flows. In 1989, 
average discharge for the year was only 27.4 
ft3/sec. In 1993, average discharge was 1,147 
ft3/sec. Peak recorded flow was on June 8, 
1947, at 19,700 ft3/sec, and here have been 
several insances of no flow. Figure 20 is a 
flowduration curve for the Fabitls Rjver 
near Taylor. A b u t  10 percent of the time, 
flow is less than 4 ftJ/sec, and 50 percent of the 
time flow is less than 59 ft3/sec. Skelron (1 966) 
shows a %day Q, of 1.2 ft3/sec for the stream. 

NORTH Rlvm 
The Not-tb River drains a 382 rniZ area 

immediately south of the Fahfacs River basin. 
Most of the drainage is in Shelby and Marion 
counties, but also includes a small part of Knox 
County. The basin is about 55 miles long, a 
maximurn of 14 miles wide, and enters the 

~igure 19. South Fabius River near Taylor, water years 2989 and 1993a 
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Figure 20 Flowduration awe, South Fabius River near Taylor, water years 1976-1993. 
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Mississfppi Riser some 3 miles downstream 
of rhe mouth of the Fabius River. At Palmy-a, 
about 7 miles upstream from the mouth, the 
river drains 373 square miles and has an 
average runoff rare of 9.61 inches, based on 
data collected between 1934 and 1993. Aver- 
age discharge throughout this period was 264 
fi3/sec. The water year of highest flow was 
1973 when it averaged 748 ft3/sec. Lowest 
average annual flow occurred in water year 
1989 when it was 22.1 ft3/%c. There have 
been numerous periods of no flow. 

Like all northeast M i u r i  streams, h e  
North Rher has a pmrly-sustained base flow 
during dry warher.  About 10 percent of the 
time, flow is less than 3.2 ft3/sec. Flows of less 
than 39 ft3/sec occur 50 percent of the time. 

SALT RIVER 
The S a l  Rfver basin is the largest M a -  

shsimi River tributary north of theMissoerrP 
River in lMissouri. In northern Missouri it is 
exceeded in drainage area only by the Grand 
Rivm basin. The Salt drains 2,920 square 
miles, all in Missouri. Its headwaters are in 
Schuyler County, and it drains all or pa# of 
Adair, Knox, Callaway, Macon, Pike, Shelby, 
Randolph, Boone, Monroe, Ralls, and Audrain 
counties. The river flows into the Mfssissip- 
pi River near Louisiana. The basin is about 
125 d e s  long, and up to 40 miles wide. The 
Sdt consists of three major forks, largest of 
which is  the southernmost. The SoeEEh F w k  
Salf R&er drains 1,220 square miles, Clarence 
Cannon Dam, the U.S. Army Corps of Engi- 
neers Reservoir which forms Mark Twain 
Lake, impounds water in Ralls and Monroe 
counties, and regulates flow of the lower Salt 
River. 

There are numerous gaging stations with- 
in the Sal% Rduer basin. The North Fork Satt 
River near Sbelbilaa drains 481 square miles 
and has an average annual runoff of 8.19 
inches, based on 47 years of record between 
1330 and 1993. Average discharge throughout 
the period of record is 290 W/sec. Water years 
of lowest and highest flows were 1389 and 
1993, respectively, when average yearly fIows 
were 36.2 ft3/sec and 1.037 ft3/sec. Peak 

recorded flow occurred June 7,1947, at 23,000 
ft3/sec; periods of zero flow occur during 
extremely dry weather. Discharges of less 
than 1.5 ft3/sec occur about 10 percent of the 
time, and flow is less than 30 ft3/sec 50 perceni 
of the time. 

The M M d k  Fork SUB River, measured 
at Paris, has a higher runoff rare of 9.79 inches. 
The river here drains 356 square miles, and 
has an average flow of 257 ft3/sec. In water 
year 1973, the year of highest average flow, 
discharge averaged 743 WJsec. Lowest aver- 
age annual flow was during water year 1956 
when it averaged 53.1 ft3/sec. The highest 
flow ever recorded at Paris was April 21,1973, 
when discharge peaked at 45,000 ft3/sec; zero 
flow occurs during extended dry weather. 
Discharge of the river here b less 30 fi3/sec 
about 50 percent of h e  rime, and less than 1.8 
ft3/sec 10 percent of the time. 

The South F w k  SaIt Rifler above Sa~te 
Fe drams about 233 square miles, and be- 
tween 1940 and 1 9 3  it had an average annud 
mnoff of 11.31 inches. Average fIow of the 
stream here is 194 fr3/sec, with highest and 
lowest average annual discharges occurring in 
water years 1969 and 1954, respectively, at 
509 ft3/sec and 10.7 ft3/sec. Peak discharge 
here occurred September 23, 1973, at 3'2,800 
ft3/sec. Flow is less rhan 1.4 ft3/sec 10 percent 
OF h e  time, and less &an 16 ft3/sec 50 percent 
of the time. 

Figure 21 is a flow-duration curve for the 
Salt Rium at New London, based on data 
collected between water years 1923 and 1W3. 
The curve shows low b e  flow conditions. 
However, much of the data were collected 
prior to construction of Clarence Cannon Dam. 
Today, releases from Mark Twai~ Iake help 
to sustain higher base-flows in the Salt River 
downstream from the dam. Only about 5 
percent of the 2,480 square miles of drainage 
upstream from New London is not regulated 
by Clarence Cannon Dam. Average annual 
flow here is 1,721 ft3/sec (about 9.43 inches). 
l a t e r  years of highest and lowest average 
annual flows were 1973 and 1989, respective- 
ly, at 4,692 ft3/sec and 307 ft3/sec. Peak 
recorded flow at this station is 107,000 fi3/sec, 
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Figure 21. Flowduration awe, Salt Rvci near New London, water years 1923-1993. 
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which occurred on April 22,1973. Periods of 
no flow occurred during an extended drought 
in 1934 and 1936. 

Murk Twain Lake, impounded by 
Clarence Cannon Dam, is the only major res- 
ervoir in northeastern Missouri in the Mgsslrs- 
si@pL Rher basin. Construction of Clarence 
Cannon Dam which forms the lake was fin- 
ished in 1984. Upstream from the dam the 
reservoir drains 2,318 square miles. Clarence 
Cannon Dam is 1940 ft  long and 138 ft high. At 
multipurpose pool leveI (elevation 606 ft), the 
surface area of Mark Twain Lake is 18,600 
acres, and storage is 457,000 ac-ft. Flood 
control pool level is 638 fi, h e  surface area at 
this elevation is 38,400 acres, and storage is 
1,428,000 ac-ft. 

Mark Twain Lake is used for flood 
conrrol, recreation, and water supply. I t  is 
capable of supplying about 16 million gallons 
of water per day (mgd) from its 20,000 ac-ft of 
water-suppl y storage with a 2 percent chance 
of deficiency. The Clarence Cannon Whole- 
sale Water Commission CCCWWC) currently 
distributes water from the reservoir to a Iarge 
area around the reservoir. Besides supplying 
water to residena in the $a& Rfver basin, 
water from Mark Twafn Xake is being used 
by residents in adjoining watersheds. 

Besides Mark Twaht Lake, there are 
about 1 2 other municipal water suppIy reser- 
voirs in the Saljt Rfver basin, although some 
of these are not currently in use: 

&Schuyler County PWSD a1 uses a 29- 
acre lake near Queen City in the upper part of 
the North Pork SaB Ritrer watershed. 

&La Placa has two reservoirs contain- 
ing 26 and 81 acres of surface area. 

&Clarence has rwo reservoirs with 18 
acres and 31 acres of surface area. 

1 Sbelbymlle formerly used a 29-acre res- 
ervoir, but now uses water from Mark Twain 
Luke CCCWWC). Nearby Shelbina has a 45- 
acre reservoir but also pumps from the North 
Fork Salt  Rifler into h e  reservoir. 

IMmzrw City has tkuee reservoirs with 
surface areas of 20 acres, 43 acres, and 131 
acres. 

IPerry is supplied from Mark Twain 
Lake by the CCWWC, but previously used 2 

reservoirs with 7.4 and 15 acres of surface 
areas. 

4RaIls County P\WD #1 formerly used a 
pump-storage reservoir with warer pumped 
from the river, but is now supplied from 
Hann ibal . 

Waris and New Lodon formerly used 
surface warer directly from intakes in the 
M W k  Fork S d t  River and Satt River, 
respectively. Now both obtain water from the 
CCWWC. 

In addition to fie above, Murk Twain 
U k e  through the CCWWC also supplies part 
or a11 of the water used by Shelby County 
PWSD #I, Knox County PSWD #1, Monrm 
County PWSD #2, Marion County PWSD 81, 
and Cannon PWSD $1. To the west in the 
Chariton River basii Mark Twain Lake water is 
supplied to Huntsville and Thomas HdI PWSD 
#l. Higbee, in Bonne Femme Creek basin also 
uses water from Mark Twain Lake. 

CUrVRERlVhlt 
The afvre  River is the soudxrnmost 

major river basin on the upper M&siss@pP 
Riuer in northeast Missouri. It is about 60 
miles long and 40 miles wide, and drains 1,230 
square miIes in Audrain, Pike, Lincoln, 
Montgomery, Warren, and St. CharIes coun- 
ties. Pennsylvanian-age strata forms the bed- 
rock surface throughout the central and west- 
ern watershed; Mississippian-age and older 
formations underlie the lower part of the 
basin. Glacial Drift 5 thickest in the upper 
watershed and th is  ro the east. 

The t3iw-e River near Troy, which 
drains about 903 mi2, has an average discharge 
of 666 ft3/sec and an annual runoff rate of Z0.OZ 
inches. Highest and lowest average annual 
discharges occurred in water years 1993 and 
1954, respectively. Average discharge for 
water year 1993 was 2,186 ft3/sec, and for 
water year 1954 it was 27.4 ft3/sec. Peak 
recorded flow for the river near T r y  is 120,000 
fi3/sec, which occurred October 5,  1941. Pe- 
riods of no discharge have occurred several 
times. Figure 22 is a flow-duration curve for 
the aiutrre Rher near Troy. It shows flow- 
duration characreristics quite similar to other 
rivers in norheast Missouri. Based on 64 years 
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Figure 22. ?Flow-duration curve, Cuivre River near Troy, water years 1923-1993. 



of records between 1922 and 1993, fIow is less 
rhan 5.4 ft3Jsec 10 percent of the time, and Iess 
rhan 88 fc3/sec 50 percent of the time. 

?he City of Vadaiia in nudrain County 
uses a 37acre reservoir in the upper part of 
C t d w r e  Rgum watershed for water supply. 

OTHER U m  1MIss1ssm RrVEEl TRIBUTARIES 
The upper Mfssissippi Rber tributar- 

ies discussed previously drain about 6,700 
square miles. The remaining 1,090 square 
miles of his area of northeast Missouri is 
drained by a number of smaller watersheds. In 
downstream order, these include the South 
River, Bur Creek, Noix Creek, &flab 
Creek, Ramsey Creek, Gacinns Creek, 
Bryants Creek, &bs Creek, Pemque 
Creek, and Dardetme Creek. Very little 
discharge information is avadable for these 
d l e r  streams and their watersheds. Bear 
Cmek, which is near Hannibal, is an excep- 
tion. Upsmeam from the gaging smzion, which 
is 4.65 miles from its mouth, h r  @eek 
drains about 31 square miles. Average dis- 
charge for 51 years of records is 21.1 fWsec 
(about 9.24 in./yr of runoff). A flood control 
reservoir about 1 mile upstream from the 
gaging station regulates high flows. 

The City of B d t n g  Greetz in Pike Coun- 
ty uses rwo reservoirs in the upper watershed 
of Noix Creek for water supply. The newest 
reservoir has a surface area of 45 acres, and the 
older has a surface area of 20 acres. 

M A I N S ~ M r s s J s s r ~ p r ~  
flow of the Missdssippi River upstrewn 

from St. Louis is partly regulated by a series of 
27 locks and dams that are used to maintain a 
navigation channel in h e  rives. The upper- 
most lock and dam h a t  directly affects the 
state of Missouri is lock and dam no. 19 at 
K&Zlfi: Iowa. The downstream-most darn on 
the Mississippi, no. 27, is a few miles below 
Ehe confluence of the Mi~sourf and Mississip- 
pi rivers. Its navigation lock, however, is a few 
miles southeast of the dam near the mouth, of 
the Chain of Rocks Canal ar Granite City, 
Iflinois. Between Keokuk and St. Louis are 

locks and dams at Canton, West Quincy, SUP 
man, Clarkmlk, ETnJteEd, and Wesf A l m .  

The USGS gaging station at Graflm, Illi- 
nois, is the only gaging station on the upper 
M i s s i s s f ~ i  Riper in Missouri. However, 
another gaging station is located at Kmk* 
Iowa, just 2.7 miles upstream from the mouth 
of the &s M o w s  Rftler. 

Discharge of the M&s#ssfppi Rfuer has 
been measured at Keokuk! since 1878. Up- 
stream from here, the river drains an area of 
about 119,000 square miles. Average dis- 
charge at Keokuk is 65,380 fi3/sec, and aver- 
age annual runoff is 7.46 inches. Water year 
2993 had the highest average annual flow of 
162,500 ft3/sec. Peak discharge for the station 
also occurred in 1993. On July 10, discharge 
peaked at 446,000 ft3/sec. In water year 1934, 
the year of lowest average flow, discharge 
averaged 21,540 fi3/sec. The lowest daily flow 
ever measured here was 5,000 fr3/sec, which 
was recorded December 27, 1933. Discharge 
of the MWiippi River at Keokuk exceeds 
23,000 ft3/sec 90 percent of h e  time, and is 
more than 49,600 ft3Isec 50 percent of the time 

Upstream from Grajton, IIlinois, just 
downstream of the confluence of the mim.ts 
and Mfssissi?ppd rivers, the Mississippi drains 
about 171,000 mil, bur only about 4.6 percent 
of this area lies En MSsouri. Drainage from 
Missouri provi&s about 5 percent of the flow 
of the Mississippi River here. 

Between 1879 and 1892, and from 1929 
through 1993, the Mississippi River at 
Gru#otz had an average discharge of 122,800 
fr3/sec. Water year 1993 had the highest 
annual flow with an average discharge of 
250,800 ft3/sec, and the highest peak flow 
ever recorded at the station. On August 1, 
1933, discharge peaked at: 598,000 ft3/sec. 
Lowest recorded flow was on December 14, 
1988, at 20,100 ft3/sec. Warer year 1989 was 
the lowest year of flow for the MisskGppi 
River here when it averaged 53,600 ft3/sec. 
Average annual runoff for the basin is 9.74 
Inches. Figure 23 is a flow-duration cum for 
the Mississippi River at Grafton based on 106 
years of record berween 1887 and 1933. Dur- 
ing this period, flow exceeded 36,400 ft3/sec 
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a b u t  90 percent of rhe time, and 92,400 ft3/sec 
about 50 percent of the b e .  Flows of more 
than 250,000 ft3/sec occurred 10 percent of 
h e  time. 

Between Kmkuk and Grnflon, the aver- 
age flow of the Mgss$ssfppi River increases 
about 57,420 ft3/sec (about 88 percent). Aver- 
age annual runoff increases 2.28 inches (about 
31 percent). The drainage area increases 
about 52,300 square miles, or about 44 per- 
cent. Only about 15 percent of the increase in 
drainage area is from Missouri. MOST of the 
remaining drainage area increase is from the 
Des Mobs River basin, which drains much 
of central and southeastern Iowa, and the 
mis~ois River, which drains much of north- 
em Illinois. 

Tkree cities in northeastern Missouri rely 
on the upper Mississappi Riwr for water 
supply. Carston, Hannibal, and Louisiana all 
have watw-supply intakes that produce from 
the river. 

l k a s s o m ~ ~ ~  
NORTH OF THE MISSOURI lUVER 

The MisstmrE Rfuer drains approxi- 
mately 52.4 percent of the state, an area of 
about 36,537 square mites. About 44 percent 

of this, an area of about 16,245 square miles, 
lies north of the river (figure 24). 

Like Ehe upper MPssissippd Rfvm ba- 
sin in northeastern M W U T ~ ,  norrhicenrral and 
northwestern Missouri have been glaciated. 
Glacial materials in his area are also unconsol- 
idated deposits of clay, silt, sand, and gravel 
that may be as much as 300 feet thick, but 
average about 100 feet. The shallow glacial till 
has a low permeability, and does not contrib- 
ute appreciable amounts of groundwater to 
area sueams. PregIacial valleys that were 
fdled with glacial drift are more water-produc- 
tive. These valleys are typicdly well below 
the level of the present drainage and do not 
provide measurable inflow to streams, but 
wells prmlucing from them are used to meet 
some of the water supply needs of a few towns 
in the area. ?he glacial drift is underlain by 
Pennsylvanian-age bedsock throughout much of 
h e  area except in the southcentd and south- 
astern regions where Mississippian-age and 
older rock formations form the bedrock surface. 

2he quality of surface water In north-central 
and northwestem -Missouri is generally good. 
Like in nostheastern Mismuri, the water is gener- 
alIy a mdesafely mineralized calcium-magne- 
siurn-bicarbonate type, and rod ckmlvd solid 
are rypically klow 500 mg/l. Sulfate and 
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Figure 24. Missouri Rivw ~ibutaries no& of the Missouri River, 
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chloride are generally present at muderate 
levels, but are normally less than 150 r n d  
each. Runoff from agricultural areas can con- 
tribute bacteria, nutrients, and pesticides to 
surface streams. Wastewater discharges from 
towns increase bacteria levels and contribute 
nutrients to the streams. Discharge from aban- 
doned, unreclaimed coal mines in the ChcsrP- 
ton River basin adversely affect the quality of 
water in the receiving stream, especialIy dur- 
ing periods of low flow. Sulfate, iron, and 
manganese contents can be well above public 
drinking water standards at m e s .  

T m o  RIVER 

A short reach oSrhe1Vishabotma Riper 
mosses from Iowa to the M ~ s o z c ~ * ~  RItler in 
the emerne northwestern corner of the stare, 
but for pracfrcaI purposes the northwestern- 
most major Missouri River tributary in north- 
west Missouri is the Tarkjo River. The 
Tarkio River drains about 534 square miles in 
northwesr Missouri in Atcllison, Holt, and 
Nodaway counties, and an additional area of 
southwestern Iowa. Several dead- ago, cfian- 
nel improvement projects straightend much of 
the lower reach. The mouth of the river was 
moved about 20 miles upstream of its former 
location, thus separating h e  main basin from 
196 square miles of drainage from the LBb 
T a r k b  R&er, its former principal tributary. 

The Tark* River is currently ungaged. 
Previously, there was a gaging station on the 
Tarkio River at Fairfm Upstream from here, 
the Tarkio drains about 508 square miles, and 
average flow between 1922 and 1990 was 209 
ft3/sec (5.59 in./yr of runoff). Highest annual 
average flow was in water yeas 1987 when it 
averaged 677 ft3/sec, and the year of lowest 
flow was water year 1934 when it averaged 
only 23.6 ftj/sec. Peak recorded flow was on 
June 20, 1942, at 16,300 ft3/sec; periods of no 
flow have occurred several years. Flow of the 
Tarkio at this locarion b greater than 4.3 fi3/sec 
95 percent of the time, and greater than 65 f t3 / sec  

50 percenr of the time. There are no public 
water supply reservoirs or public water sup- 
ply surface water intakes in rhe Tarkio River 
basin in Missouri, 

NODAWAY LlXVW 
TheNosaway River drains 1,780 square 

miles of southwestern Iowa and northwestern 
Missouri. Abut 5% mi2 of the drainage is in 
Missouri in N&way, Andrew, and Holt coun- 
sies. The basin is some 115 d e s  long, and 
only 10 to 12 miles wide in Missouri, making 
it one of the narrower basins in the state. It 
flows into the Missouri River in southwesrern 
Andrew County. Much of the channel has 
been straightened to decrease flooding of 
farm land dong the river. 

Upstream from Grabam, the Nodaway 
River drains 1,380 square mires. In the 11 year 
period between 1982 and 1993, flow here 
averaged 1,052 W s e c ;  average annual runoff 
was 10.36 inches. The water year of highest 
average flow was 1993 when it w a s  2,870 
fx3/sec. The highest recorded flow occurred 
September 22, 1993, when discharge peaked 
at 90,700 ft3/sec. In water year 1985, the year 
of lowest average flow, discharge averaged 
320 ft3/sec. The lowest recorded flow was 
measured September 9, 1985, at 23 ft3/sec. 
Discharge here exceeds 67 ft3/sec 90 percent 
of the time, and is greater than 456 ft3/sec 50 
percent of the time. 

flow information for a longer period of time 
is availabIe from a nowdxontinued gaging 
station near BewEingbcm Junction, a b u t  1 5 miles 
upstteasn from Crahm, where the Nduway 
R&er drains 1,380 square mils. Data were 
collected here from 1922 to 1983. Average flow 
during this period was 588 ft3/sx (6.11 in./yr 
runoff). Peak recorded flow here is 46,000 
ft3/sec, which ~crrurred October 11,1973. Min- 
imum recorded flow occurred August 7, 1934, 
when it measured ody 1.1 Et3/sec. Currently, the 
basin contains no public water supply m o i r s ,  
and no public water supply inrakes produce 
from the river or its tributatis. 

PLA'rIE RlvER 

The Ph#e River basin consists of a 
2,440 square mile area of northwestern 
Missouri and southwestern Iowa. In Missouri, 
the basin contains 1,640 square miles, and 
consists of EWQ major tributaries-The Ome 
Hundred and Two Rfver, and the LMk 
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Ptatte River. The Platte drains pasts of 
Nodaway, Wortl~, Genrry, Buchanan, Clinton, 
Platte, Clay, Andrew, and De KaIb counties. It 
flows into the Mks02crt  R#ver about 20 mi 
northwest of Kamas City. Like many northern 
Missouri streams, there was extensive channel: 
mod8cation and straightening on the Plane 
River earlier in this century to help decrease 
flooding of adjacent farm land. 

Upstream from the USGS gaging station 
near e c y ,  the P W e  River drains about 
1,760 square miles; the drainage includes h e  
Otte Hundred and Two River. Between 
1932 and 1993, average discharge here was 
976 fts/sec. Basin runoff averaged 7.53 in@. 
The water year of high= average flow was 
1993 when it was 4,108fWsec; the lowest flow 
year was 1934 when it averaged 67.4 ft3/sec. 
Peak flow for rhe site occurred July 25, 1343, 
at 60,800 ft3Jsec. Periods of no flow have been 
observed several rimes. Figure 25 is a flow- 
duration curve of the PIatte River near Agency 
Discharges greater than 21 ft3/sec occur 90 
percent of the time here, and flow exceeds 185 
ft3/sec 50 percent of the time. 

The City of G w i n  Clinton County near 
The Buchanan County line formerly used a I5 
acre rexwoir conaructed on  a tributary of the 
PZaffe River. Currently, h e  town is supplied 
by St. Joseph rhrough Andrew County PWSD 
~2 and De Kalb County PWSD rl. 

One LYocndiwd and Two River 
Tbe OtEe Huadred and Two River is a 

major tributary of the Plane. Its headwaters are 
in southwestern Iowa, and it drains much of 
the western part of the Pktte Rher basin. 
Though more than 60 miles long, the basin 
does not exceed about 10 miles in width in 
Missouri. 

At Maryrtslle, the One Hundred and Two 
drains an area of about 515 square miles. In 
Ehe 58 year period berween 1932 and 1990, 
flow here averagd238 ft3/sec. Annual runoff 
averaged 6.26 inches. The water years of 
highest and lowest average m u a l  flow were 
1982 and 1934, respectively, when flows aver- 
aged 656 ft3/sec and 18.6 ft3/sec. Peak record- 
ed flow for the river here occurred Oaober 12, 
2973 at 25,500 fr3/sec. Periodsofnoflow have 

occurred several times. Flow here exceeds 1.1 
ft3/sec 90 percent of the time, and 31 ft3/sec 50 
percent of the rime. 

The City of Maryuille has a water intake 
on the Une Hundred a d  TWO River. Water 
is pumped from the river to a nearby storage 
reservoir. Normal1 y, the flew of the river is 
adequate to meet the needs of its users, but the 
reservoir is necessary to stme water for use 
during periods of low river flow. A large 
reservoir that will have a surface area of about 
1,003 acres was recently completed by the city 
(Alexander, 1895; personal corn.). The darn 
is on Mozfmgo Creek, a One Hundred and 
Two River tributary, about 4 miles east of 
Mwk.  Baides water supply, the remvoir 
will also be used for remation and flood storage. 

Li t tk  PIatte River 
The L#ik Platte Rgwer drams the south- 

eastern part of the Pktte River basin. 
S m i t h &  R e s m d r ,  a multipurpose U.S. 
Army Corps of Engineers reservoir, is near the 
town of Smithr,$lle on the lower Little Platte 
River. It was constructed for flood control, 
water supply, waterquality control, recre- 
ation, and fish and wildlife enhancement. The 
multipurpose pool contains 14,600 ac-ft of 
storage. Az its maximum elevation, the flood 
control pool contains 2 02,800 ac-ft of storage, 
and the surcharge pool contains another 
182,209 ac-ft. The reservoir supplies water to 
the towns of SmithviIEe and Plattsburg. 
Smithville in rurn supplies Plane County Wa- 
ter Supply districts #2, #4, #8 and e. Plans- 
burg supplies the City of Edgetdonand Clinton 
County Public Water Supply disrricts #I, #2, 
and #4. In addition, SmithviIIe has a 12 acre 
lake, and also pumps from the Lide Platte 
River. Kansas Ciry owes  much of the water- 
supply storage in S W h i Z l e  Resmok,  but 
is not currently using it. 

At Smitbville, 2.4 mi downstream of 
Snrftktlfkb Reservoir, the L#tk P W e  R i p -  
er drains 234 square miles. Between 1965 and 
1993, the river had an average discharge of 168 
fi3/sec. Flow has been regulated here since 
the reservoir began fdling in 1977. Prior to that 
there were many years when p e t i d  of no 
flow occurred. Water years of highest and 
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Figure 25. PIow-cIuralion awe ,  PIafte River near Agency, water years 1925-1993. 
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lowest average flows were 1993 and 1988, 
respectively, when discharge averaged 476 
ft3/sec and 35.4 fc3/sec. Peak recorded flow 
was July 20, 1965, when discharge was 76,600 
fi3/sec. Flow here exceeds 4.8 ft3/sec 90 
percent of the b e ,  and 27 ft3/sec 50 percent 
of the rime. 

GRAFSI)mvm 

The C r a w d  River is the largest northern 
Missouri tributary. Rising in southwest Iowa, 
it drains all of Harrison, Mercer, Grundy, 
Daviess, and Livingston counties, and parts of 
Worth, Pumam, Gentry, De Kdb, CIinton, 
CaldweIl, Carroll, Chariton, Linn and Sullivan 
counties in Missouri. The basin is about 150 
d e s  long and 90 miles wide, and contains 
some 7,900 square miles of drainage, of which 
about 80 percent (6,320 square miles), is in 
Missouri. Much of the channel of the Grand 
and its major rributaries have been straight- 
ened to decrease flooding. The Grand has 
several major tributaries including the Thomp- 
$om River, ShuZ Creek, Medicine Creek, 
Locust  Creek, and Yellow Creek, dl with 
more than 500 square miles of drainage. 

Upstream from Gallatin in Daviess Coun- 
ty, the GP-and Rher  drains about 2,250 square 
miles. Between 1921 and 1993, the river here 
had an average discharge of 1,228 ft3/sec, and 
an average annual runoff of 7.42 inches. The 
water year of highest average flow was 1993 
when discharge averaged 5,740 ft3/sec. Peak 
recorded flow occurred the same year when it 
reached 89,800 fr3/sec on July 7. Lowest 
average flow was En warn year 19% when it 
averaged 129 ft3/sec. Lowest recorded flow was 
2.0 f t 3 / ~ ,  which occurred on August 30, 1980. 
Figure 26 is a flowduration cum for h e  Grand 
Rivw at GalEatl'n. Dischatge of the river here 
exceeds 26 ft3/sec 90 percent of the time, and is 
greater than 213 fi3/sec 50 percent of h e  time. 

Farther downstream, near the town of 
Surnnm, the Grad River drains 6,880 square 
miles and has a considerably higher average 
discharge, 4,112 ft3/sec, based on data collect- 
ed between 1923 and 1993. Average anaud 
runoff near Sumner is 8.12 in which is slightly 
greater than at Gallatin. Like at GwElati~~ water 
year 1993 marked the highesr average annual 

flow, 17,370 ft3/sec. However, the highest 
recorded flow at Sumner occurred June 7, 
1947, az 180,000 ft3/sec. The lowest fIow 
water year on record was 1934 when dis- 
charge averaged 367 Et3/sec; minimum re- 
corded flow was 10 ft3/sec on Aupsx 12. 
Figure 27 shows average daily flows for zhe 
river for water years 1993 and 1934. Figure 28 
is a flow-duration curve for the river near 
Sumner. Discharge here exceeds 123 ft3/sec 
90 percent of the rime, and 965 fi3/sec 50 
percent of the time. 

The Thompson R$vm is the largest trib- 
utary of the Grand Rgver. Draining the no&- 
central part of the Grand River basin, it begins 
in south-central Iowa and joins with the Grand 
about 4 miles sourhwest of CkiZltcoth~ It has 
a totaI drainage area of about 2,20Q square 
miles, with 1,250 square miles of drainage in 
Missouri. 

Upstream from Trmtota, the Thompson 
River drains 1,670 square miles. Between 
1921-1923 and 1928-1993 the river here had 
an average discharge of 1,021 fi3/sec and an 
average annual runoff of 8-31 inches. Water 
years 1993 and 1934 were the highest and 
Iowesr. average flow years, respectively. En 
water year 1993, flow averaged 3,576 ft3/sec. 
Peak recorded flow did not occur in 1993-it 
occurred on June 6,1947, and was 95,000 ft3Jsec. 
In water year 1934, average flow was 117 fi3/sec. 
The lowest flow ever recorded for the river 
here was 1.0 ft3/sec on May 17, 1956. 

Figure 29 is a flow-durarion curve for the 
Thmpsm River at Trenton Discharge of 
the river exceeds 28 ft3/sec 30 percent of h e  
time, and 50 percent of the time the flow is 
more than 21 1 ft3/sec. Like nearly dl northern 
+Mi.ssouri streams, the Thompson has a poorly- 
sustained base flow h a t  shows h e  lack of 
groundwater inflow inlo the river. 

There are several other major Grand 
River tributaries of significant size. Shoal 
Creek drains about 628 square d e s  of the 
southwestern pan of the Grand River basin. It 
is the only significant uibutary south of the 
Grand River. Medic-, Iocust, and YeZbw 
m e k s  are narrow, south-trending basins that 
drain the area between the Thompson basin 
and the C h p - 2 t o n  Riuer basin north of the 
Grand. M e d f c i e  Creek basin contains 51 2 
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Figure 26. Flowduration curve, Grand River near Gallaxin, water years 1921-1993. 
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Figure 27. Average daily discharge of the Grand River near Sumner ,  water years 1934 and 1993. 

square miles, locust Creek 631 square miles, 
and Ye&w Creek 593 square miles. 

Numerous towns in the Gmttd Rhrer 
basin rely on surface water for their water 
supply, and there are a number of public warer 
supply reservoirs. However, there are no 
large reservoirs in the basin. 

4King City, on the western edge of 
the Grand Rives basin, uses three reser- 
voirs built on a rribuxary of the Grand 
River. 

4 Breck#dge is suppEied by an 8 0 a a e  
reservoir, supplemented by a welI. 

Cameron uses four reservoirs with sur- 
face areas of 25 acres, 35 acres, 96 acres, and 
In acres. 

4MawIle has four reservoirs. 
ABethany has two reservoirs with 18 

aaes and 78 acres of surface area, supple- 
mented by pumping from Big Creek. Also, 
Bethany has an intake in the new Harrison 
County lake. 

&Ridgeway has a 20-acre lake and also 
supplements storage by pumping into the 
reservoir from Big Creek and Rock Hozcse 
lake.  

4Harrison County PWSD *l uses a 40- 
acre reservoir for water supply. 

& & n a e s ~  has a 13-acre reservoir, and 
4ctke Vfking in Daviess County has a 

surface area of 550 acres and supplies the 
water needs of Iake =king Subdivision. 

I Chilitcothe formerly had an intake on 
the G r a d  River to supplement its public 
water supply web, but currently uses only 
groundwater. 

1 M e r w  uses a 2lacre reservoir in the 
Z!mm#sm River basin for public water swpply. 

1 Trenton has two pump-storage reser- 
voirs with surface areas of 103 acres and 68 
acres that are filled by pumping from the 
Thompson River. 

4Hamilfon has an 80-acre reservoir on 
Tom Creek in the S h o a t  Creek watershed 





Bm'a Descnpiom oJMIssouri SulyJace Wa&er Resources 

Precentage of time indicated value was equaled or exceeded 

Figure 29. Flowduration curve, Thompson River af Trenton, 1929-1993. 
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which it supplemenrs by pumping from Mar- 
mwhone Creek 

&Milan uses two reservoirs with 13 acres 
and 235 acres of surface area. Borh are on 
tributaries of hmsf  Creek. 

ILiwneus has a 15-acre reservoir on a 
tributary of b a s t  Creek. 

4Bmkfleld is supplied from a 120-acre 
reservoir impounding a tributary of Y e b  
Creek. In addition, Brookfield pumps from 
Yellow Creek to three impoundments on the 
floodplain of Yellow Creek rodling 34 acres 
in surface area. 

IMarceEine has two reservoirs, a small 
reservoir in the C%arWm River basln and a 
newer 200-acre reservoir on a tributary of 
Yellow Creek. 

In addition to the aforementioned water- 
supply reservoirs and numerous other pri- 
vately owned Iakes and ponds, chere are 
several major waterfowl areas in the lower 
Grad  River basin in Chariton and Linn 
counties. There are severaI large, shallow 
lakes In Swam l a k e  National Wddlife Refuge 
and Fountain Grove Smte Wildlife Manage- 
ment area hat are used for waterfowl habitat. 

C ~ N  RIVER 
The Chaf-iton River is she second larg- 

est tributary of the Missourt  R f m  in north- 
ern M i u r i .  The basin covers parts of Schuyler, 
Pumam, Sullivan, Adaii, Linn, Macon, Chariton, 
Randolph, and Howad counties. 

The river rises in south-central Iowa and, 
like many nosthem Missouri streams, is long 
and narrow. It is some 150 mites in length and 
has a maximum width of about 22 mile.. More 
than 50 percent of h e  channel of the Chad- 
toff Riwer has been straightened. The mouth 
of the river has been diverted about 6 miles 
upstream to help decrease flooding in the 
lower reaches. However, this left its major 
tributary, the tittle Cha&m River, a sepa- 
rate drainage. The Little Chariton flows into 
the river near the Chariton-Howard county 
line at Glasgow. Combined, he Chariton and 
Little Chariton rivers drain an area of about 
2,96Q square miles, of which a b u t  70 percent 
(2,070 square miIes) is in Missouri. All of h e  
Little Chariton River drainage iswithin M i u r i .  

Upstream from Praide Hill, the Chariton 
$rams about 1,870 square miles. Between 
1928 and 1993, the river here had an average 
discharge of 1,245 ft3/sec, and an average 
annual runoff of 9.05 inches. The water years 
of highest and lowest average annuaI flow 
occurred within 4 years of each other. Ln water 
year 1993, h e  discharge averaged 4,320 ft3/sec, 
and in water year 1989, flow averaged 166 
fF3/sec. Minimum and maximum recorded 
flows did not occur in either of these water 
years. Peak recorded d i a r g e  at this station 
occurred April 23, 1973, and was 31,300 ft3/sx. 
Minimum recorded flow occurred August 7, 
1834, and was 4.6 ft3/sec. Figure 30 is a flow- 
dmtion curve of the Chariton River near Prairie 
Hill. As the graph shows, flow is greater than 36 
ft3/xc 30 percent of the time here and exceeds 
350 fP/$ec 50 percent of the time. 

There are several public warm supply 
resewoirs and one majur impoundment in rhe 
Qiarffolo River basin. Ratkbzcn Re$=- 
vofr, a U.S. Army Corps of Engineers resesvoir 
in south-central (kppanoose County) Iowa 
regulates the flow of the Chariton River to a 
signifimnt degree, especially in the upper 
reaches. Completed in 1969, Rathbun pro- 
vides flmd control, low-flow augmentation, 
consemation, and recreation. At normal con- 
servation pool level, it has a surface area of 
nearly 11,000 acres, and impounds about 
200,000 ac-ft of water. Rathbun Reservoir 
supplies water to much of southcentral Iowa 
through water districts. The City of Westbmo 
in Atchiin County is supplied though one of 
these Iowa watw districw. 

PuMic water supplies in the Mi include: 
4 Unfmuilk in Purnam County uses a 70- 

acre reservoir, plus Lake 27mn&bead, a 
1,150-acre privare Iake. 

4 Ki Wile and much of its surrounding 
area uses Forest mke, a 703-am reservoir in 
TZlousand Wils State Park, and H d  Creek 
Resmmfr, both on Chariton River tributaries 
in Adaii County. 

&New Carnh-ia in Macon Counry former- 
ly used a 7-acre reservoir on Puzzle CPeek , a 
small Chariton River ttibutary. Chariton-Einn 
PWSD #3 now supplies water to New Gum Mu. 

IMarcelim has two remoirs, the new- 
er of which is in the Grand Kver basin. The 
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Figure 30. Flow-duration curve, Chariton River near Prairie Hill, water years 1930-1993. 
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older reswvoir is on a tributaty of Mussel 
Fork, the major western tributary of the Charl- 
ton River. The lake has a surface area of 81 
acres. It is supplemented by pumping from an 
intake on Mussel Fork. 

4 G~een City and Buckltn aIso have reser- 
voirs on Mussel F w k  tributaries. Green City 
lake has a surface area of 57 acres. Buckizn's 
reservoir is smaller, about 17 acres. Bucldi 
also pumps from Mussel Fork into the reservoir. 

4EtI3el in Macon County formerly used a 
23-acre reservoir for water supply, but cur- 
rently obtains water from Chariton-Linn Coun- 
ry PWSD *3. 

The Littik CharftOn River headwaters 
are in Adair County south of KarMlIe, and it 
drains parts of Adair, Macon, Randolph, Chari- 
ton, and Howard counties. Tzs rwo major 
tributaries are the East Fork and MU& 
Fork. There is little long-term flow data 
available for the Little Chariton River. A 
gaging station near Sdisbu p i n  Chariton Coun- 
ty operared between 1964 and 1970. During 
that time, average discharge for the 201 Wuare 
miles basin was 185 ft3/sec. Periods of no flow 
occurred in 1964, and peak recorded dis- 
charge was 4,550 fi3/sec on June 13, 1966. 

Today, flow in rhe LittIe Chi ton  is greatly 
affected by two major seservoh h g  Branch 
R e s m f r  in Macon County and ~~ HilZ 
Resenme in Randolph County. 

TJlotl~as H$R Reservoir was formed by 
thedamming of theMPddle F m k  LWk Charf- 
ton River in Randolph County. The reservoir 
is privately owned by Associated Electric Co- 
operative, and is used p r - d y  to supply 
cooling warer for a cod-frred electric generat- 
ing plant. The lake drains 147 square miles, 
and has a normal surface area of about 4,400 
acres. It began filling in 1966. At the top of the 
flood pod, it impounds 85,275 ac-ft. The 
power plant cooling and c o n m t i o n  storage 
includes 45,900 ac-ft, and &ent storage k 
14,700 ac-fi. Atthough it is p M y  used for 
cmling water, it is also a =source of water for 
~~ Hill PWSD #Il, and is used for recreation. 

Long Branch Resmok  is a 2,430 acre 
U.S. Army Corps of Engineers reservoir formed 
by damming the East Fork LWle Cka&em 
R h m  near its confluence with Lmg Bra~ch 
in Macon County. The reservoir began filing 

in 1978, and is used for flood control, water- 
quality enhancement, recreation, and water 
supply. The surcharge pool contains 98,590 
ac-ft of sorage. The flood control pool contains 
30,600 ac-ft of storage. The multipurpose pool 
contains 34,640 ac-fi of sorage, of which 24,000 
ac-ft is warn-suppIy storage. The r m o k  will 
supply 7.1 rngd with a 2 percent chance of 
deficiency fmm its warer supply storage. 

There are several smaller water supply 
reservoirs in the L#t tk  a5aritim Rfvm basin: 

I M c o n  formerly used a 200-acre lake 
for water supply in addition to Long Branch 
Reservoir. 

IAthwfq in northern Macon County, for- 
merly used a 14-am rexrvois, but is currently 
supplied by Macon, as is the town of Ben& 

Iflmer and Callao are supplied by Ma- 
con County PWSD # I ,  which is supplied by 
Macrm. 

4 Anmfrmg uses a I 2-aa;e lake for supply. 
4 Hun$strille purchases water from 

c c m c .  
lMober2y has three reservoirs, all on 

tributaries of the East Fork Lftt& Ckamotf 
River. However, only Sugar Creek Reservoir, 
which has a surface area of 346 acres, is 
currently used. 

Smwm ~MISSOUIU RlVW l k m r r m  No= 
O F T A E ~ % W ~ O W ~  

Alrhough. the majorM&sotc~ River trib- 
utaries in northwesr Missouri previously dis- 
cussed provide most of the drainage, more 
than 4,000 square miles of this total area is 
drained by d l e r  rivers and streams that 
discharge directly hto the Missouri River. 

Upsweam from Kansas City, several s d  
watersheds including Rock C w k  and Lkhkik 
Tarkh  Creek, discharge directly into the 
Missouri River. Spaw Creek drams though 
Squaw Creek National Wildlife R e f u g e  and 
supplies runoff to a major waterfowl area. Ik? 
Creek drains into the M.Essoecri Rifler be- 
tween Kansas City and St. J o e .  Dearbm 
pumps from the creek into a reservoir in h e  
upper p m  of the watershed and uses the water 
for public water supply. 

Ptsbi~g Rives, Cmoked Rtver, and 
Wakenda Creek drain most of the area be- 
tween the Grand River basin and theMhswr i  
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River between Kamm Cip  and B r u m ~ c k .  
There are a few years of fl ow records avaiIable 
for all of these streams, but long-term. flow 
information is not availabIe for any of them. 

Upstream from ErceIsim-Spings, theEast 
Fork Fishimg Rium $rams only 20 square 
miles. Between 1950 and 1972, flow here 
averaged 12.9 W/sec (8.76 h./yr of runoff). 
Maximum recorded flow was 12,000 ft3 on July 
6, 1951. Periods of no flow were observed 
severd years. m k e d  River near Rich- 
mcmd drains 1 59 square miles. Between 1948 
and 1970, average discharge here was 98.7 
ft3/sec; annual runoff averaged 8.43 inches. 
Peak recorded flow here occurred July 20, 
1965, when it was 29,000 ft3/sec. Periods of no 
flow wcurred several years. Wakeffcta Creek 
at Carrollton drains 248 square miles, and 
between 1948 and 1970 had an average dis- 
charge of 141 ft3/sec (7.72 in./yr). Peak se- 
corded flow was 7,650 ft3Jsec on September 
23,1970. Minimum recorded flow was 0.2 ft3/sec 
on September 22, 1959. 

Downstream from GIasgow, &mne 
Femme Chxk drains part of southern Randolph 
County and much of central Howard County, 
and flows into the Missouri RPver near 
Bormville. The City of Fayette uses two reser- 
voirs constructed on tributaries of Bonne 
Femme Creek. Surface areas of the resemoirs 
are 60 acres and 185 acres. 

Monifecsec m e k  drains eastern Howard, 
western Bmne, and excreme southern Ran- 
dolph counties. It enters the MfssouH R&er 
at R o c h e w .  Discharge from an 81 square 
mile area of the watershed near Fayette was 
gaged between 1948 and 1 969. Average ff ow 
for that period was 33.2 ft3/sec. Maximum 
recorded flow was 4,330 W s e c  on September 
13, 1361 ; periods of no flow occurred several 
years. Higbee, in the northern pan. of the 
watershed in Randolph County, uses a 15-acre 
Iake for water supply. 

P m h e  Creek drains a small area of 
southern Randolph and northeastern Howard 
counties, but most of its drainage is in Bmne 
County. The creek discharges into the 
Missourf R i m  southwest of Columbia near 
McBaine. H&kso#z Creek, a P e r c h  Creek 

tributary draining the area south and east of 
Columbia, was gaged between 1964 and 1976. 
The watershed upstream from the gaging sra- 
tion conrains 44.8 square miles, and discharge 
averaged 63.9 ft3/sec. Average annual runoff 
for the period was 12.36 inches. Discharge of 
the creek ceased in dry weather during many 
years, and the highest recorded flow occurred 
May 15,1770, when it peaked at 9,100 fi3/sec. 

Cedar Creek forms the counry line be- 
tween Boone and Callaway counties, and 
drains significant parts of both counties. A 
gaging station in the upper watershed near 
Columbia operated between 1964 and 1975. 
Here, the creek drains an area of about 44.8 
square miles, and discharge averaged 40.7 
fi3/sec. Annual runoff for the period averaged 
12.34 inches. Maximum recorded flow wxs 
5,140 ft3/sec on October 12,1969, and periods of 
no flow were ohewed most years. At one time, 
abandoned coal strip mines adversely affected 
water quality in places along Cedar Creek, espe- 
M y  during dry wearher when s t r ~ o w  was 
low. Redarnation of the abandon4 mines has 
esmtially restored the quality of water in Cedar 
Creek to what it was prior to mining. 

Aermasse Creek drains most of eastern 
Callaway Counry and the southwestern corner 
of Audrain County. It enters the Mhsorsri  
River near M o k n e .  No long-term discharge 
data are availabIe for the watershed, but there 
is a USGS partial record station on the creek 
near Steedman. Here, the 7&y Q, flow is 0.1 
fr3/sec (Skelton, 1966). 

The Loutre Rher begins in southeast- 
em Audrain County, and flows to the south- 
east to join with the Mbsozcd  River near 
Uemaann. It dra ins  parts of Audrain, Calla- 
way, Montgomery, and Warren counties. 
Upmeam from Mineoh near the center of the 
wafershd the river drains 202 square miles. 
From 1947 to 1967 average discharge of the 
river here was 97.5 ft3Jsec. Maximum record- 
ed discharge was recorded June 30, 1957 at 
12,900 ft3/sec. Periods of no discharge m- 
curred ar times in the mid-1950s. The City of 
Wel,?sviIIe has two reservoirs in the upper 
watershed of Loutre River that provide public 
water supply. 
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MLSSoURIRIvERTRIBUT- 
SOUTH OF 'JXE msom RIVER 

MfsstmH Riuer tributaries south of the 
Missouri River drain an area of about 20,292 
square miles withim Missouri, or about 29.1 
percent of the state (figure 31 1. Drainage from 
an additional several thousand square miles 
enters from Kansas. Flow characteristics of 
rivers wirhh this region change significantly 
from western to eastern parts of the area. 

The western part of the area is withii the 
Osage Plains physiographic province. The 
southern extent of glaciation extends south of 
the Mdssoecnl Rfuw a few d e s ,  but glacial 
drift south of the Missouri River in this area is 
generally thin. Runoff and low-flow charac- 
teristics of streams in h e  western and north- 
western parts of the region are similar to those 
of stteams in northwestem Missouri. Soils and 
shallow Pennsylvaniaa-age bedrock units un- 
derlying the area have low permeability, so 
runoff is rapid after heavy rainfall. The lack of 
groundwarer inflow into the streams causes 
very low flows, or periods of no flow, during 
extended droughts. The eastern part of the 
basin is within the Ozarks physiographic prov- 
ince. Here, streams have well-sustained base 
flows provided by springs discharging from 
the Springfield Plateau and Ozark aquifers. 

'The Osage River basin has the largest 
number of major reservoirs and the greatesr 
surface-water storage in the state. Four major 
reservoirs including M e  of the Ozarks, 
Tmman Lake, Stockton -Re, and U k e  
Pmwme de T m ,  impound water on the 
Osage or its tributaries. At normal pool levels, 
the four contain about 4.25 million ac-ft of 
water; or about 1.39 uillion gallons. 

Surface-water quality in this region is 
generally good. Most of the streams draiiing 
from the Osage Plains contain water that is a 
moderately mineralized calcium-rnagnesium- 
bicarbonate type. Sulfate conrent is moderate, 
and typically below 125 mgA. Total d i i l v e d  
solids content is typically below 500 mgA. 
Chloride content is moderate to low, except 
where saline springs in the -kwater Riv- 
er basin affect surface water quality. Streams 
draining from the Springfield Plateau general- 

ly contain water that is a calcium-bicarbonate 
type. Sulfate and chloride levels are typicaIly 
low. Surface water in the Salem Plateau part 
of the region is generally a calcium-magne- 
sium-bimrbonate type. Chloride and sulfate 
leveIs are typically low here. Streams in rhe 
northern and western parts of h e  region typ- 
icaIly have greater suspended solids than those 
draining from the Ozarks. 

IAMmERlvER 

The Ladne  Rjver drains a 2,640 square 
mile area of west-central Missouri in 'Lafayeme, 
SaIine, Johnson, Pettis, Morgan, Monireau, 
Benton, and Cooper counties. The 
BEackwater River is the major tributary of 
the Lamine, and it drains about 1,550 square 
miles, or about 59 percent of the basin. The 
westem part of the basin, mostly the part. 
drained by the Blackwater Rivet, is within the 
Osage Plains; the eastern area is within rhe 
Sprin@eld Plateau part of the Ozatk Plateau. 
The southern extent of glaciation trends east- 
west across the center of the basin. 

The Lamine Rher, at a USGS gaging 
station near Oft&Ue, drains 543 square miles. 
The station is relatively new, so only a few 
years of infomation are available. Between 
1987 and 1993, average d i a r g e  was 516 
ft3/sec, (12.91 in./yr runoff). Water year 1993 
had the highest average flow, 1,464 ft3/sec; 
highest flow occurred here July 7, 1993, and 
was 63,700 ft3/sec. The lowesr flow was 1.2 
ft3/sec on August 28, 1 9 1 .  Water year 1992 
had the lowest average flow, 155 f-t3/sec. Fig- 
ure 32 is a flow-duration curve of the Xam* 
Rfmr at Qtterville. Flow here exceeds 62 ft3/sec 
50 percent of the lime, and 8.1 ft3/sec 90 
percent of the time. 

Longer-term flow information is avail- 
able from a now-discontinued station at CZiJm 
City, a few miles downstream from the station 
near Otteruilbe. Upstream from here, the 
~ m f t r e  drains 598 square miles. Between 
1922 and 1971, dkhrge averaged 454 fi3/sec; 
average annual bash runoff was 10.33 inches. 
Peak flow occurred June 29, 1956, at 65,500 
ft3/sec, and periods of no flow were recorded 
several years. 



Figure 31. Missouri River tributaries south of the Missouri River. 
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Figure 32, Flow-duraLion curve, Lamine River near OnCrrille, water years 1988-1W3. 
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The Hackwafer River at Blue Lick 
drains 1,120 square miles. Based on data 
collecfed between 1922-1933 and 19381993, 
average discharge here is 770 ft3Jsec. Annual 
runoff averages 9.34 inches, The water years 
of highest and lowest flow are 1993 and 1957, 
respectively, when discharges averaged 2,540 
fP/sec and 95.8 ft3/sec. Figure 33 shows 
average daily flows for water years 1993 and 
1957. Peak flow here occurred November 18, 
1928, and was 54,000 ft3/sec. FIow ceased 
between July d7 and July 31, 1980. Figure 34 
is a flowduration curve curve of the Blackwater 
River at Blue Lick. Discharge here exceeds 4.0 
ft3/sec 90 percent of the time, and 50 percent 
of the time it exceeds 84 ft3Jsec. 

Natural. water quality varies with Iocation 
in rhe basin. Generally, water in the Samtne 
River is a moderately mineralized, caIciurn- 
magnesium-bicarbonate type that is generaZIy 
of good quality. Water quality is subsmtiaIIy 
worse in locations on the Bhckwater Rium. 
~Salinc springs discharging into the Blackwater 
River, especially during low river stages when 
here isIittle dilution, adversely affect the water 
quality. Most of rhex highly mindized  springs 
are in Saline County, and discharge from Mis- 
sissippian- or Pennsylvanian-age bedrock. The 
water is thought to be sea water that was 
trapped when the sedimentary rocks were 
being deposited (Miller, 1971). The total $is- 
solved solids content of these springs range 
from less than 500 4 to more than 30,000 
rng/I. The water may contain high levels of 
sulfate, chloride, or both. At higher flows, h e  
water in the Blackwater River is a moderately 
mineralized calcium-magnesium-bicxbnate 
type. During low-flow periods, however, the 
river water is a sodium- or calcium-chloride 
rype, and ~oml dissolved solids may exceed 
1,500 mg/l (Gann and others, 1974). 

Numerous communities within the 
Lamime Riper basin either use resewoh, 
surface-water intakes in streams, or both, for 
public water supply. The fresh warer-saline 
water transition zone crosses the Lamine ba- 
sin. Most towns south of the transition zone 
use groundwater; towns north and west of the 
transition zone generally use surface water. 

ISedalza uses a 178 acre resrvoir on a 
tributary of Filzf Creek in l&mine River 
watershed to meet some of its supply require- 
ments. The city also pumps considerable 
amounts from Flat Creek to supplement water 
from 11 public warer supply wells. 

&Holden, in Johnsen County, formerly 
used three reservoirs with surface areas of 26 
acres, 30 acres and 175 acres. All of the 
reservoirs are on tributaries of the South Pork 
BEackwater Riuer. Currently only the largest 
of these is used for water supply. 

I Concordill and Higinsville in Jdayette 
County use reservoirs on Blackwater River 
tribumries. The reservoir serving Concordii 
has a surface area of 245 acres. Higginsville 
uses a -@-acre reservoir and a 223acre reser- 
voir on m v i s  Creek, and pumps from the 
Mfisoecri Riuer into both reservoirs. 

4 5 m t  Spings in Sdiine County formerly 
pumped from the Sltackwater River to rwo 
smalI reservoirs, but now obtains water from 
the City of Marshall through Lafayem County 
Public Water Supply District #I. 

M o m  RlYElR 
The Moreau River basin occupies an 

area of 58a square miles in h e  Salem and 
Springfie1 plateaus. The river drains parts of 
Moniteau, Morgan, Miller, and CoIe counties. 
Upstream from a disconhued gaging station 
near Jefferson City the Moreau River drains 
562 square miles. Between 1947 and 1974, the 
river had an average discharge of 381 fi3/sec, 
and an average runoff rate of 9.22 in/yr. Peak 
flow here occurred October 24,1969, and was 
24,400 ft3Jsec. The lowest measured flow was 
on September 30,1956, when it measured 0.1 
Wsec .  

OsAGERIWEItBm 
The Osage River basin is the largest 

Missouri Rtver tributary in the state. It 
drains a totd of about 15,300 square d e s  in 
eastern Kansas and western Missouri. Drain- 
age in Miiur i  accounts for about 70 percent 
of the total, about 10,700 square miles. The 
basin is about 250 miles long and a maximum 
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Figure 33. Average daily discharge, Blackwater River at Blue Lick, water years 1957 and 1993. 

of 160 miles wide. It includes pans of Jackson, 
Cass, Barton, Lawrence, Dade, Johnson, Pet- 
tis, Benton, Greene, Christian, Webster, Mor- 
gan, Miller, Iaclede, Pulaski, Maries, Osage, 
and Cole counties, and all of Bates, Vernon, 
Cedar, St. Clair, Henry, Hickory, Polk, Dallas, 
and Camden counties. 

The Osage River is fed by numerous 
tributary rivers that contribute sign &ant flows. 
The upper watersheds are Main the Osage 
Plains. Streams here have low gradients and 
poorly-sustained base flow. The southern 
and eastern tributaries are wihiin the Ozarks, 
and have higher gradients and well-sustained 
base flows. 

Mat-ais des q p s ,  X t # b  Osage, and 
Mameatoa Rivers 

The upper watershed of the Osage is 
composed of three drainages, the M m i s  
Res q g n e s  R*m, LtttCe Osage Rtver, and 
Martl~atoto R i m .  The Marmaz on River rises 
in southeastern Kansas and drains part of 

Barton and Vernon counties. The toral drain- 
age area is 1,150 square miles, and all of it is 
within the Osage Plains. The Pvlarmaron flows 
into the LittIe Osage River in north-central 
Vernon County. 

The Iii tk Osage River drains 1,720 
square miles, mostly in Kansas. In Missouri it 
drains part of northern Vernon and southern 
Bates counties. I t  joins with the M a m f s  &S 

Cygnes River in northeastern Vernon Coun- 
ty. In Kansas, the Osage River is called h e  
Marais des Cygnes. Thar designation contin- 
ues in M i u r i  to its confluence with the Little 
Osage River. Below that point it is referred to 
as the Osage River. 

Productive aquifers in the upper Os- 
age River basin typically produce highly 
mineralized water, rherefore surface 
water is widely used for public water 
supply in this area. Several towns use 
reservoirs in the Marais des CySnes 
basin, or pump directly from the river into 
storage reservoirs: 
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4Bates County PWSD 4~2 pumps from 
M h d  Creek, in Marais des Cygnes water- 
shed, to a 21-acre reservoir. 

hA@pleton City formerly used a 36-acre 
lake in Patrther Creek basin, another Marais 
des Cygnes triburary. Cusrendy, the town 
obtains water from Henry County PWSD #2, 
which is supplied from T m m n  Lake. 

4Butler uses intakes in the Marais des 
Cygnes River and Miami Creek, and a 67-acre 
reservoir in Miami Creek basin. 

hBockuilke pumps from the Osage Rfuer 
to a reservoir in Bates County. 

I Rich Hill pumps from Bates County 
Ditch to an upland reservoir. 

A USGS gaging sration has been in oper- 
ation on the Osage River above Shell Knob 
on she Bates-Vernon county line since 1979. 
Upsweam, the basin conrains 5,410 square 
miles. Average flow values and low-flow data 
are nor available for this station due to back- 
water from Tncmft Lake affecting flows at 
low stream stages. This station is usefut for 
obtainiig medium- and high-flow information. 

Sac Rium 
The Sac R&er is a major southern trib- 

utary of the Osage River. It rises in Christian 
and Greene counties and drains about 1,970 
square miles. AIl but the lower past of the 
b i n  is within the Ozarks Plateau. The Sac 
River near Dadeui&, which is upstream from 
SWJC- Jake,  drains 257 square miles. Be- 
tween 1966 and 1993, amage discharge here 
was 246 ft3/sec, and annual runoff averaged 
13.03 inches. Water year I 993 was the year of 
highest average flow, 560 ft3/sec. Peak mea- 
sured discharge occurred September 25,1333, 
when it reached 36,100 ft3Jsec. Water year 
1977 was the year of lowest flow on record 
when discharge averaged 50.2 ft3/sec. The 
lowest recorded ff ow for he stream here was 
4.0 fr3/sec, which occurred September 16, 
1380. 

Stockton Lake is the largest surface- 
water impoundment in the Sac Riwer basin. 
The reservoir, constructed by rhe U.S. Army 
Corps of Engineers, began impounding water 
in 1964. Tosal storage at the top of the flood 

pool is 1,666,659 ac-ft. The muItipurpose pool 
contains 887,109 ac-fi of storage. Benefrts 
derived from the reservoir include flood con- 
trol, hydroelectric power, and recreation. 
Water supply will soon be an added benefit of 
the reservoir. The City of Springfield, largest 
city in southwestern Missouri and third largest 
city in the state, is constructing a pipeline to 
Stocktm Resmuoir that wilt transport water 
to Springfield. 

The flow of the 3ac River below Stock- 
ton Dam is regulated by releases from the 
reservoir. Upstream from Caplinger Mills 
near its mouth, she Sac River drains 1,810 
square miles. Between 1974 and 1993, flow 
here averaged 1,675 ft3/sec. Annual runoff 
averaged 12.57 inches during the same pefi- 
od. In water year 1993, the year of highest 
recoded flow, d i i g e  averaged 3,103 ft3/sec. 
Peak flow, however, occurred on October 2, 
1986, when discharge was measured at 60,000 
fP/sec. recorded discharge, 44 ft3/sec, 
was measured October 11, 1980. The water 
year of lowesr. average annual flow was 
1977 when it averaged 399 ft3/sec. Dis- 
charge of the Sac River here exceeds 91 
ft3Jsec 90 percent of the time, and 986 ft3/ 
sec 50 percent of the time. 

Pornme de Term Riuer 
The Potntne de T m  R # w  drains an 

828 square mile area east of the Sctc R W m  
basin in southwestern Missouri. The headwa- 
ters are in Webster County, and it flows into 
Truman Luke near Wamw in Benton Coun- 
ty. EssentiaIly all of this basin is in rhe Ozarks. 
Part of it is in the Springfield Plateau, but most 
lies within the Salem PIateau. 

The P m e  cte Terre River near Pok, 
upstream of P0mm.e De Terre Resmoi?', 
drains 276 square miles of the Ozark Plateau. 
Between 1968 and 1933, discharge here aver- 
aged 284 ft3/sec, and runoff averaged 13.99 
h./yr. Water year 1993 had the highest aver- 
age flow at 554 fi3/sec. Peak flow for the 
stream occurred September 24,1393, when it 
was 34,300 ft3/sec. The lowes~ average annual 
flow occurred in wafer year 1980 when it 
averaged 124 ft3/sc. The lowest recorded 
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flow for the stream is 0.3 ft3/sec, which w a s  
measured from August 10 to August 15,1980. 
Based on recorded data, discharge of the Pomm 
& Tmhere is greater than 11 ft3/$ec W percenr 
of the time, while 50 percent of tfie time flow 
exceeds 89 ft3/sec. 

Pomme De Term Resmoir near Her- 
mitage lies mostly in Hickory Counry. Ir is 
much smaller thanSfoc&tott Lake. The reser- 
voir is a U.S. Army Corps of Engineers project. 
Total capacity at the top of the flood control 
pool is 648,700 ac-fi. Of shis, 407,200 ac-ft is 
flood storage, 228,700 ac-fr is conservation 
pool storage, and 12,800 ac-ft is ~ediment 
storage. The reservoir provides flood control 
and recreation benefits. 

OutfIow of Pmme de T m  Reser- 
voir has been measured since it began filing 
in 1963. Flow in the river below the reservoir 
has averaged 521 ft3/sec, and average annual 
runoff has been 11.52 inches. In water year 
1973, average &$charge was its highest at 
1,163 ft3/sec. The lowest average annuaI flow 
occurred in water year 1963 when it measured 
67.8 ft3/sec. Peak flow here was 9,000 ft3/sec 
on May 9,1961. Periods of no flow have 
occurred several times. Flow here exceeds 43 
ft3Jsec 90 percent of [he time, and 103 fr3/sec 
50 percent of the time. 

Smth &llR Rher 
The South Grand River is rhe major 

northern tributary of the Osage Rfver. Rising 
in eastern Kansas, the South Grand River drains 
2,040 square miles of the Osage Plains. Most 
of the drainage, about 2,000 square miles, is in 
Missouri. Prior to construction of Truman 
Dam and Lake, the Souh Grand entered the 
Osage River near Warsaw Now, about one- 
haIf of he length of the South Grand in M i u r i  
can be affected by backwarm from Trtcmar 
Lake 

A discontinued gaging starion on the 
SOectA Gnamd R W  near Bmumirzgt~~~ oper- 
ated from 1921 to 1971. Above this point the 
river drains 1,660 square miles. Discharge 
during the period averaged 1,046 ft3/sec. 
Annud runoff averaged 8.56 inches. Peak 
flow at this site was 63,300 ft3/sec, which 

occurred November 19, 1928. Like many 
streams of the Osage Plains, flow ceases here 
during very dry weather. Another gaging 
station is now located on the South Grand near 
Clinton. At the new gaging site the river drains 
1,270 square miles. The station i s  in an area 
that is affected by backwater from T m m n  
Luke, so flow statistics are not available for 
low-ff ow periods. 

The South Grad and its tributaries are 
used extensively for water supply in his area. 

4 Peculiarin Cass County formerly used a 
29acre lake for water supply. Currently the 
town is supplied by K a m  Ciw through Cass 
Co. PWSD #2. 

4Hammlk  has two lakes with 20 
acres and 285 acres of surPace area. 

I GkzxIandand F m a v  use small reser- 
voirs with surface areas of seven and eight 
acres respectively. 

I Garden Cify uses two reservoirs. 
lArchze and Adrian use reservoirs in 

con junaion with surface-water intakes. Bob 
towns pump from the South Grand; Archie 
pumps into two reservoirs and Adrian pumps 
into a 26-acre reservoir. 

lCass County PPlrSD #7 uses an intake on 
the South Grand for water supply. 

4Plemant Hill and R a p m e  formerly 
used municipa1 reservoirs in the basin. 
Rap tme  used a 59-acre resesvoir, and Pleas- 
ant Hill used a 20-acre reservoir. Raymore is 
now mpplied by Kansas City and Pleasant Hill 
is supplied by Lees Summit. 

Ntarngwa Rfver 
The N#angzca River rises in northern 

Webster County. Between the headwaters 
and irs confluence with the Osage Rwer in 
Lake of the marks, it draiis a 1,040 square 
mile area of the Ozark Plareau. En its upper 
raches, the Niangvla is a losing stfearn, and 
most or dl of its flow during low-flow periods 
is lost to permeable bedrock kneath rhe 
sueambed. 

Perennial flow begins at about the 
Webster-DaIIas County line. Most of the east- 
ern ~ibutasies of the NMngtm R8ver are also 
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losing streams that channel surface water into 
the subsurface to recharge springs in the area. 
Additionally, springs in h e  Nimgua basin are 
recharged by losing-stream drainages in adja- 
cent watersheds to the south, southeast, and 
east outside of the Niangua basin. Dye tracing 
has shown that warer in northern tributaries of 
the Osage Fork of the Gasconade 12iuer 
basin, and from Goodwit Wol4bw and Dty 
Atlgtabe Creek in the Gradglaize basin, 
provide recharge to Spring $wed 
Bbce Swmg andHahatonka Sprhg,  dl in 
the Niangua River basin (Vandike, 1992b). 
This natural interbasin transfer of water inro 
the Niangua River basin increases the flow of 
h e  Niangua, whiie decreasing the flows of the 
Osage Fork and Grmdglaize. 

B e f f n e t t  S w g  discharges from a nearIy 
vertical cave opening developed in Ordovi- 
cian-age Gaxonade Dolomite in the bed of 
Spring Hollow in Bennetr Spring State Park. I t  
is the Iargest spring in h e  NPangua River 
basin and third Iargest in Missouri. The aver- 
age discharge of Bennett Spring is 177 ft3/sec, 
and the lowest measured flow is 55 ft3/sec. 
The flow of the Niangua River upstream from 
Bennett Spring during dry weather is ofren 
Iow, but downstream of the spring the river 
has a high base flow. The flow ofsweet BhEe 
Spring combines wirh that of the Nrangua a 
few miles downstream from Bennett Spring 
State Park near Hdridge. IE is a much smaller 
spring than m e n .  and averages a b u t  15 ft3/xc 
discharge. Habafonka Sfstdng discharges an 
average of about 77 fts/sec into he  lower 
Niangua River. The spring is above the n o d  
level of Lake of the Ozarks, but the Niangua 
Rives and the downstream reach of the 
Haha~onka Spring b m c h  are inundated by 
the lake here. 

The largest reservoir in the N # t z ~ t p  
River basin is Lake Nkz~gaca, which is about 
7 miles southwest of Camdenton. Lake 
Niangua, completed in 1931, was constructed 
for hydropower. Tunnel Dam, which im- 
pounds Lake Niaagua, is built adjacent to a 
narrow ridge. A few miles downstream of the 
dam are several large meanders in rhe fiver. 
that brig the channel back to less rhan 1/41 
miIe from the dam. A tunnel was constructed 

through the narrow ridge near the dam to 
channel water from the lake to rhe power- 
house. It is located a few hundred yards to the 
northwest, but several channel miles down- 
stream. By doing this, the natural drop of the 
river, which is about 20 feet, combines with the 
pressure head in the lake to incvease the hydro- 
power potential. The development is owned 
by Sho-Me Power Corporation. Lake Niangua 
has a surface area of about 300 acres, and 
impounds about 1,200 ac-fr of water. 

From 1929 to 1%9, the USGS operared a 
gaging station on the Nfangzsa River near 
Decaturuille, a short distance downstream 
from Lake N & n p ,  Upstream from the 
gaging smtion the river drains about 627 square 
miles. During the 39-year period of record, the 
stream had an average discharge of 624 ft3/sec, 
and an average runoff rate of 13.6 idyr. This 
runoff rate, which is higher tlhan tbat of adjj- 
cent basins, probably refleas the groundwa- 
ter inflow into the Niangua basin from the 
GrandgZaize and Osage Fork of the Gas- 
conade Rhrer basins. 

Math Stem Osage River 
From the eastern areas of Barton, Vernon, 

and Bares counties to Bagnell Dan,  the Osage 
Rfver flows through two large reservoirs: 
Tmmam Lake and U k e  of t h  Oxarks. 
Truman Lake, a U.S. Army Corps of Engineers 
facility, began frllhg in 1977, and at n o d  
pml covers 55,&lU acres (86.9 square miles). 
Upstream from Warsaw, che gradient of the 
river is low and relief is gentle, as is character- 
istic of the Osage Plains. Thus, at full flood 
pool, Truman covers about 209,300 acres, 
(327 *are miles), nearIy four t tmes the area 
covered at normal pool level. The surcharge 
pooI of the reservoir can store 2,911,000 ac-ft. 
Tne flood control pool will store an additional 
4,006,000 ac-ft, and the multipurpose pool has 
2,203,000 ac-ft of storage. Benefits provided 
by the remoir  indude flood control, hydro- 
power, recreation, and f ~ h  and wildlife en- 
hancement. Henry County PWSD #2 uses 
Tnrntan Lake as a raw water supply. 

Flow in the Osage Rium below T m m  
Lake, which 5 completely controlled by re- 
leases from the resetvoir, has been measured 
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since the reservoir was compIeted. Between 
1978 and 1993, flow averaged 11,340 ft3/sec. 
Average annual runoff from the 11,500 square 
mile basin is 13.3 inches. High and low 
average annual discharges occurred in warer 
years 1993 and 1991, respecsively, when flows 
averaged 18,760 ft3/sec and 2,516 ft3/sec. 

BagneIE Dam, which was completed in 
1931, forms Lake of the Ozarks, the largest 
privately owned lake in Missouri. This Union 
Electric facility was constructed primarily for 
hydropower and flood control, but has be- 
come one of the most important recreational 
areas in Missouri. At normal pool l e d ,  Lake 
of the Ozarks covers about 60,000 acres (94 
square rdes). In terms of surface area, at 
normal pool Lake of the Ozarks is the Iargest 
reservoir in Missouri. In terms of storage at 
normal pool, it is exceeded in Missouri only by 
TaBk Rock L ~ k e .  Total storage at n o d  
pmI lmel is 1,927,000 ac-ft, which includes 
708,800 ac-Ft 05 dead or unusable storage. 

Flow in the Osage RfYer below BagnelI 
Dam is completely regulated by outflow from 
Lake of the Ozarks. A USGS gaging station 
has operated here since 1880. Since 1880, 
average annual flow of the river has been 
10,030 ft3/sec, and annual runoff has averaged 
9.79 inches. Water years of highest and lowest 
flows were 1927 and 1954, respectively, when 
discharges averaged 24,640 ft3/sec and 1,046 
fi3/sec. Peak recorded discharge is 220,000 
ft3/sec, which occurred May 19, 1943. The 
lowest recorded discharge was 183 ft3/sec 
which ocmrred on September 9, 1969. Flow 
here exceeds 513 ft3/sec 30 percent of the 
time, and 4,020 ft3/sec 50 percent of the t h e .  

The Osage River above the USGS gag- 
ing station near St.  mas drains 14,500 mi2. 
Though the gaging station is located 38 miles 
downsueam from Bagnell Dam, flow of the 
fiver is still greatly affected by releases From 
take of the Ozurks. Between 1931 and 
1993, flow here averaged 10,610 ft3/sec. Av- 
erage annuaI runoff is 9.94 Inches. The high- 
est average annual flow occurred in water year 
1993 when it was 25,240 ft. The lowest 
average flow year on record was in water year 
1954 when flow averaged 1,237 f t3Jxc (Ergure 

351. Figure 36 is a flow-duration curve for the 
Osage River near St. Thomas. Discharge here 
exceeds 713 fi3/sec 90 percent of the W e ,  and 
4,420 ft3/sec 50 percent of the the. 

Several smaller streams drain the area 
south of the Osage Rhrer between the 
Ntangtca River basin and the confluence of 
the Osage with the MissouH River. Dry 
Auglake Creek and Wet GCaize Creek join 
to form Gradgb&e Creek which flows into 
Lake of tke Ozurks . Dry AugIaize Creek and 
its majar tributary, Goodwin Hollow, are los- 
ing streams throughout most of their reaches, 
and water from these streams is pirated by the 
N i g u a  basin. 7hus, Dry Auglaize Creek 
contributes lirtle flow to she Grandglaize ex- 
cept during periods of high flow. Wet Glaize 
Creek is a gaining stream throughout much of 
its length, and provides most of the base flow 
for Gmndglaize Creek. Grandglaize Creek has 
a well-sustained base flow provided by springs 
in the Wet Glaize watershed. Long-tam flow 
information is not available, but the 
Grandgfaize near Brumley has a 7&y Q, of 22 
fc3/sec (Skel ton, 1966). 

Tawem Creek drains northern Pulaski, 
eastern Miller, and western Maries counties. 
No long-term fIow information is available for 
h e  creek, but Skel ton Q 966) computed the 7- 
day Q, for Tavern Creek near St. EZizabetb to 
be 2.6 fi3/sec. 

The MnHes Rivm drains a 305 square 
mile area south of the Osage Rfum in western 
Maries and Osage counties. Between 1947 
and 1970, discharge of the Mies River at 
WeGphdia averaged 211 fc3/sec, and runoff 
averaged 11.15 h./yr. Upstream from here, 
the river drains about 257 square miles of the 
Salem Plateau. hhximurn discharge m& 
here was 26,100 ft3/sec on October 12,1969. The 
minimum recorded flow is 0.1 fr3/sec, which 
occurred in Septemkr and Ocrobes, 1 5 6 .  

-NAVE RIVER 
The Gasconarte R f w  has its headwa- 

ters in Wright County, and it flows to the 
northeast entering the Miss~tc.t-E River near 
H m a n n  in Gasconade County. The river 
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dtains about 3,600 square miles of the Salem 
Plateau, and receives runoff from Howell, 
Wright, Texas, Webster, Laclede, Pulaski, Dent, 
Phelps, Maties, Osage, and Gasconade coun- 
ties. The basin is about 130 miles long and 
about TO miles wide in the upper part of the 
watershed, but it narrows to less than 10 miles 
wide at places in the lower reaches. The 
elevation of the river decreases about 700 feet 
over its 270 mile length. Its major tributaries 
are the Osage Fork, Rozdiirlloux Creek, the 
Blg Pfngt R i m  and L#t& Pitrey Cmek. 

The Osage Fork drains 520 square miles 
in the westem part of the upper Gascon#& 
Rifler basin. The main stem of the Osage Fork 
is a gaining stream throughout much of its 
length, bur the watershed contains several 
notable losing streams. In addition, here is 
one stretch of the Osage Fork that loses flow 
into h e  subsurface. Losing streams on the 
south side of the Osage Fork, includmgStefm 
Creek, appear to provide recharge KO Big 

Spring on the Osage Fork. Losing Streams on 
the north and west sides of the Osage Fork, 
howwer, are known to provide recharge to 
springs in rhe NZangua Rfwr basin. Dye traces 
in -by Chxk and N m b  W b  #eek 
watersheds show that water lost into rhe subsur- 
face here reappears at Bmnelt Sprkrg in the 
N i g u a  River basii (Vandike, 2992). 

A USGS gaging station on the Osage 
Fork at DryPzob operated between 1962 and 
1981. Upstream from here, the river drams 
404 quare miles, and discharge here aver- 
aged 284 ft3Jsec. Pvlarrimum and minimum 
recorded flows are 21,300 Ft3/sec, which oc- 
curred on April 12,1979, and 7.2 fi3/sec, which 
was measured September 19, 1976. Average 
annual runoff during this period was 9.55 
inches, which is considerably lower than run- 
off rates of similar watersheds in the area. The 
relatively low runoff rate probably reflects the 
loss of water from rhe Osage Fork basin into 
the Niangua basin. 

Figure 35. Average daily dixharge of the Osage Ever at St Thomas, wafer years 1954 md 1993. 
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Figure 36. Flowduration curve, Osage River near Sl. Thornas, water years 1932-1993. 
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Upstream from its confluence with the 
Osage Fork, the Gasconc&e River has a low 
but well-sustained base flow. 11ere are several 
losing streams In the upper part of the water- 
shed hat pirate wates from the upper Gascon- 
ade River basin into the North  Fork River 
basin. Dye mces conducred from WoZfCreek 
and Fry Creek on the upper Gasconade show 
that water disappearing underground in these 
losing screams reappears at springs in the 
North Fork River basin Wdliams, 7986). 

Upstream from 1-44 near H u z e E g m ,  the 
Gasco& River drains 1,250 square miles. 
This incIudes drainage from the Osage Fmk. 
The USGS operated a gaging station here 
between 1928 and 1971. Dushg that period, 
flow averaged 965 fi3/sec. Average annual 
runoff was 10.5 inches. Peak flow at this 
station was recorded April 14, 1945, when it 
was 76,400 ft3/xc. The m i n i m  recorded 
flow is 18 ftS/sec on August 1, 1936. 

Although it is  a perennial stream in th is  
reach, there is a notable loss ~FI flow in the 
GascottaSe Rfver in western Pulaski Coun- 
ry. A series of low-flow measurements by the 
USGS in 1753 showed thar between l i e  Ford 
and the mouth of Collie Hollow, a distance of 
about 13 miles, flow in the river decreased 
from 32.2 W/sec to 2.8 ft3/sec. In the next two 
d e s  domstream, flow in& to 69.8 ft3/sec. 
Here, Cmasy, Falling and B a H k t t  M#R 
spt*Efigs discharge into rhe Gasconade River, 
and there are also several places where water 
discharges into the river from beneath the 
riverbed (Bolon, 1960). Fluorescent dyes 
injected into warm disappearing into the beds 
of Collie, Laquey, and Trower hollows down- 
stream of 1-44 in Pulaski County reappear at 
Creasy, Falling, andBartlett Mil springs, show- 
ing they are separate outlets of a single karst 
groundwater system {Vandike, IW2a). 

Roubidoux Creek enters the Gascon- 
ade River just north of Waynesville in Pulaski 
County, The meam drains an area of about 
300 square miles south of h e  Gasconade. 
From near irs headwaters in Texas County to 
about the Texas-Pulaski county line, 
Roubidoux Creek is generally a gaining stream 
and has a well-sustained base flow. Between 

thi point and Waynesville, flow in the creek 
is lost to the subsurface, and the creek is 
typically dry for a several mile stretch along 
the west side of Fort Leonard Wood. How in 
the meek begins again a shwtdistmce upstream 
fsom 1 4 ,  but lhe water h a t  disappeared into the 
subsurface upstream reappears at RmhtdOtlx 
S m g  in Waynesville. BeIowRoubidowz Spring, 
the creek has a well-sustained base flow and 
provides habimt for trout. 

The B g  Piney River is the largest mb- 
utary of the Gascorrlrrte Riwer. I t  begins in 
extreme northern Howell County, and drains 
768 square miles of the southwes~ern part of 
the Gasconade River basin. Springs along the 
upper and middle reaches of the Big Piney 
provide a well-sustained base flow. 

Upsweam from the gaging station near 
the village of Big Piney, the B g  mtrey Rhrer 
drains 560 square d e s .  Bemeen 1921-1982 
and 1988.1993, the river had an average d i i  
charge of 538 ft3/sec. Average annual runoff 
for the basin for the period was 13.04 inches. 
Flow during water year 1927 averaged 1,179 
ft3/sec, making it rhe highest average mnud 
flow year on record. Water year 1954 had the 
Iowest average annual flow at 149 ft3/sec. 
Peak recorded flow at the Big Piney gaging 
station was 32,700 ft3/sec on December 27. 
1942. Lowest measured flow was 69 ft3/sec on 
September 17 and 18, 1954. Figure 37 is a 
flowduration curve of the Big Piney River 
near Big Piney. Discharge here exceeds 123 
ft3/sec 90 percent of the time, and 255 fr3/sec 
50 percent of the time. 

The Gasconade River basin is entirely 
within the O~arks region. The availabiiity and 
natural quality of groundwater here is excel- 
lent, thus t o m s  and rural: residents supply 
themselves through wells producing from the 
Ozark aquifer. There is bur one surface-water 
supply in the basin, and that is at Fort hmard  
Vood. Fort Wood uses an intake on the IHg 
B e y  Rinm to supply most of the water 
needs of h e  army post. 

LtffZe Phey C h e k  is a small Eascott- 
& Rfver tributary that drains a 272 square 
mile area in Phelps and Dent counties. De- 
spite its relatively d l  size, it has a relatively 
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Precentage of time indicated value was equaled or exceeded 

Figure 37. Flowduration curve, Big Piney River near Big Piney, water years 1922-193. 
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high, welI-suslained base flow because of the 
numerous springs dong its length. In its upper 
watershed, Piney Creek is a losing stream. 
Dye tracing has shown hat water lost into the 
subsurface through the bed of Piney Creek 
east of the town of Mgur Spt-Engsresurfaces at 
Rewe Sprlag, about 8 miles to the west in Big 
Piney River basin (Vandike, 1996). Despite 
this loss, flow from Pingt, Fim, Xane, and 
other springs is more than ample to provide 
weI1-sustained low flows. 

Above the gaging station ar N d q ,  the 
IWle f i m e y  drains about 200 square miles, 
and has an average discharge of 158 fi3/sec. 
Highest and lowest recorded flows here be- 
tween 1928 and 1993 were 32,500 ft3/sec, 
d i c h  occurred August 14,1946, and 24 fP/sec, 
measured on June 17,1985. Water year 1985 
was the wettest year on record with an average 
discharge of 391 ft3/sec. An average discharge 
of 47 f13/sec was recorded during water year 
1954, the year of the lowest average flow. 
About 90 percent of the rime the flow here 
exceeds 43 fr3/sec. About 50 percent of the time 
the flow is about mice this, 84 ft3/sec. 

Flow of fie Gasconade R i m  has been 
measured at a USGS gaging station in the town 
of Jerome in PheIps Counry for the past 70 
years. Although this gaging station is in the 
middle reach of river, about half way between 
headwaters and mouth, the shape of the basin 
muses most of the draiiage to be upstream. 
Above here, the rivet drains 2,840 square 
miles, all but about 760 square miles of the 
basin. Discharge here averages 2,611 fi3/sec 
and average annual runoff is 12.49 inches. 
Water year 1985 had the highest average flow 
at 6,491 ft3/sec. Water year 2954 had the 
lowest with an average of 544 ft3/sec. Maxi- 
mum recorded flow was 136,000 fr3/sec, mea- 
sured December 5, 1982, and minimum re- 
corded flow was 254 ft3/sec, which occurred 
September 2 1,1356. Discharge here exceeds 
51 8 ft3/sec 30 percent of the time, and I, 250 
ft3/sec 50 percent of the the. 

Another USGS gaging station on the Gas- 
cow& River near Rich Fountain has oper- 
ated beween 1921 and 1959, and from 1986 to 
present. Here, the river drains an area of 3,180 

d, and rhe flow characteristics are much the 
same as at Jerome. Average annual discharge 
is 2,963 ft3/sec, and average annual runoff is 
12.66 inches. Hydrographs showing average 
daily discharges during the years of Iowesr 
and highest flow are shown in figure 38. 
Average discharge during water year 1927 was 
6,560 ft3/sec, the highest average annual flow. 
During water year 1954, rhe year of lowest 
flow, discharge averaged only 629 ft3/sec. 
Figure 39 is a flow-duration curve for the river. 
As the graph shows, the river has a high, well- 
sustained base flow that exceeds 518 ft3/sec 90 
percent of the time, and 1,450 ft3/sec 50 per- 
cent of she time. 

s m  MjSwuzu RrVER l l m w r m  Som OP 

l l 3 E ~ ~ ~  

The previous discussion described the 
surface water resources of most of the 
Missour i  River basin south of the river. 
There are several small watersheds that do not 
drain large areas, but still deserve mention. 

The BhEe and Mtik r i u m  chain 
much of the area in and near Kansas Czp. 
Htadwarers of the Blue River are in extreme 
eastern Kansas, and it drains much of the 
urban Kansas City area. The basin drains 
about 272 square miles of the Osage Plains in 
Jackson and Cass counties. A gaging station 
on the Blue River near Kamm City shows an 
average annuaI runoff rate of 11.64 inches, 
based on data collected between 1939 and 
1993 from the 188 square milt watershed. 
Average discharge was 161 ft3/sec, and mini- 
mum and maximum flows are 41,000 fi3/sec 
on September 13,1956, and zero flow at rimes 
during several years. Discharge exceeds 5.0 
fr3/sec 90 percent of the time, and 42 fi3/xc 50 
percent of the time. 

The L M k  BPare Rber  drains 225 square 
mites of the Osage Plains in Jackson and Cass 
counties. All of the drainage is in Missouri, 
arid the basin contains several significant lakes 
and reservous. J;mgview ResmW,  a U.S. 
Army Corps of Engineers faciliv on the Little 
Blue River, began impounding water in 1983. 
The watershed upstream of the dam contains 
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50.3 square miles. The remvoir is much 4- 
er rhan hose on the O s a p  Rkter, but still 
impounds considerable water. Stmge of the 
surcharge pool is 35,370 ac-ft The flood control 
p l  holds 24,800 ac-ft, and the muItipurpose 
pool contains 22,100 ac-ft. The reservoir pro- 
vides flood control, water quality control, m e -  
ation, and ffih and wildlife enhancement. Flow 
on the Little Blue River below longview Reses- 
voir has been monitored since 1966, b 
years before h e  m o i r  was constructed Av- 
erage dkhrge here is 41.4 W/sec, and mud 
runoff average about 11.18 inchas. 

B e  Spring reservoir on the East Fork 
I#& B?h River, another U.S. Army Corps of 
Engineers project, began impounding water 
in 1988. This reservoir has a drainage area of 
32.8 square miles, and is considerably smaller 
than L o n g v f e w  Reseruoir. Capacity of the 

surcharge pool is 3,310 ac-fx, h e  flood control 
pool holds 1,590 ac-ft, and the multipurpose 
pool holds 10,640 ac-ft. The Fasf Fork of the 
LMZe BLtle River has been gaged below the 
r e m o i r  site since 1974. Discharge has aver- 
aged 27.6 ft3/sec throughout the period, and 
annual runoff has averaged 10.9 inches. 

Above the gaging station near lde my, 
the X i f f t e  Bhre Riuer drains 184 square miles. 
Between 1948 and 1933, flow here averaged 
155 ft3/sec, and runoff annually averaged 1 1.47 
inches. Peak discharge at this sire was 42,300 
ft3/sec on August 13,1982. Periods of no flow 
have been observed several years. 

lkzity Village uses two reswvoirs with 
surface areas of 15 and 23 acres to meet part of 
their water supply needs. Both sesmoirs are 
in upper1 Wk Bike R&m bash on a uibu tary 
of Cedar Creek. 

Figure 38. Average daily discharge of the Gasconade River near Rich Fountain, water years 1927 and 1554. 
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Rrecentage of time indicated value was equaled or exceeded 

Figure 39. Flom--duration curve, Gasconade River near Rich Pounrah, water years 1922-1993. 
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Sttd-A-Bar Creek drains part of eastern 
Jackson County and western Lafayene Coun- 
ry, and drains into the Mdssouri Rfver at 
Wellington. Odessa in Lafayette County uses 
two lakes with 19 and 90 acres of surface area 
in the upper part of the watershed. 

P a t e  Salffie Creek drains a 182 square 
mile area in northern Moniteau and Cooper 
counties. Mmtteau Creek drains the adja- 
cent area to the east, and discharges into the 
Mfisourt River near Marion. 

MAINSTE~~~M~SSOUE~IRPVEIE 
The Mhsotsrd River has a drainage area 

of 529,000 square miles and drains parts or all 
of Montana, Wyoming, North Dakota, South 
Dakota, Nebraska, Colorado, Kansas, Minne- 
sota, Iowa, and Missouri In addition, it drains 
a small part of southern Canada. Its drainage 
basin comprises about 16 percent of h e  con- 
tinental United States, and about 52 percent of 
the state of Missouri. 

The MissozcnE Rfum forms the western 
boundary of Missouri from the northwest cor- 
ner of the slate to Kansas Ciry. It is a straight- 
line distance of about 11 6 miles, but 200 miles 
by river. The river then meanders east across 
Missouri, using about 366 river miles to cover 
a dismce of about 240 miles. The alluvial 
floodplain bordering Ehe river varies from 
about 2 to 8 miles wide. I t  is generally wider 
in the reach upstream from Bmva'lk than in 
the lower reaches. Through Missouri, ithe 
rfver has a gradient of about 0.84 fdmi (MGS, 
1967). 

Of Missouri's 1 14 counties, 25 border the 
M#ssouH Rwer. Based on 1930 census 
figures, The total population of the Missouri 
counties that border the Missouri River is 
3,038,471, or  59.4 percent of the population of 
the state. The area of these counties totals 
24,226 square miles, which is 20.4 percent of 
the state. 

Considerable information is avaiIable con- 
cerning the flow of the Mabsout3 River 
through Missouri. Long-term dixharge hfor- 
mation is available from USGS gaging stations 
at St. Joseph, Kansar City, W m i y ,  Bootzuiiie, 

and Hmann.  The srations ar Kansas City and 
Hermann have opesated since 1897. Boonville 
has been in operation since 1925, and those at 
St. Joseph and Waverly since 1928. There is 
another station on the Missouri River at Rulo, 
Nebraska, 50 miles upstream from Sr. Joseph, 
that has operated since 1949. 

Table 5 summarizes the discharge char- 
acteristics of the M&sourf River at the long- 
term gaging stations in Missouri. It shows the 
changes in discharge, drainage area, orher 
parameters between adjacent stations, and the 
differences in flow between 9. Joe@ and 
H m a ~ z n .  Additionally, the table lists the 
main tributaries that enter h e  river becween 
adjacent gaging stations. 

At St. Joseph, the M2ssotEtLE Rguer drains 
an area of about 420,000 square miles. Aver- 
age discharge here through the period of 
record is 41,520 ft3Jsec. Maximum recorded 
flow was 397,000 fi3/sec, April 22, 1952, and 
minimum recorded flow was 2,300 ft3/sec, 
measured on January 9, 1937. Figure 40 is a 
flowduration cuwe of the Missouri River at St. 
Joseph. Discharge here exceeds 15,100 ft3/sec 
a b u t  90 percent of h e  time, and 37,000 fi3/sec 
50 percent of the time. 

Average m u a I  runoff upsueam from St. 
Joseph is only 1.34 inches. This low runoff rate 
is primarily due to the overall low precipita- 
tion raws in the upper basin states. Average 
annual runoff in South Dakota, for example, 
varies from about 2 inches in the Black Hiils to 
about 0.2 inches in the northeastern part of the 
sate (SD, 1975). 

The Missmu& River through most of 
South Dakota and southern No& Dakota is 
little more than a series of large lakes. The 
evaporation losses of these resemoirs are 
greater than the flows of many smaller rivers. 
The six main stem reservoirs in Montana, 
North Dakota, and South Dakota store about 
65 million ac-fr (SD, 1975). The combined 
surface area of the six Iakes is about 990,000 
acres (COE, 1394). Assuming an evaporation 
rate of 24 in./yr, the Iosses from these lakes 
average about 2,735 ft3/sec, a rate roughly 
equivalent to the average discharge of the 
Gascoma.de Rfier at Jerome. 
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Table 5. Long-term flow characteristics -Missouri River in Missouri

Auxvasse Cr.

-

Highest average annual flow, 72,080 ('84) 102,100 ('93) 109,100 ('93) 140,500 ('93) 181,800 ('93)
ft3/sec (year)

-_.0--

Lowest average annual flow, 20,490 ('40) 22,300 ('34) 22,410('34) 23,730 ('34) 29,750 ('34)
ft3/sec (year)

1--'

Instantaneous peak discharge, ft3/sec 397,000 573,000 633,000 755,000 750,000
(date) (4-22-'52) (7-14-'50 (7-27-'93) (7-29-'93) (7-31-'93)

--...-

Instantaneous low flow, ft3/sec 2,300 1,500 1,700 1,800 4,200
(date) (1-9-'37) (1-9-'37) (1-9-'40) (1-10-'40) (1-10-'40)

-------.------

Flow exceeded 9()OAJof time, ft3/sec 15,100 17,400 17,600 20,000 25,800
.----f-. -..--.-----+----

Flow exceeded 50% of time, ft3/sec 37,000 42,000 42,200 47,000 58,100
-.. , -------------".---

Years of record 1928-1993 1897-1993 1928-1993 1925-1993 1897-1993
.---. ------------ ----- -------- -

Major tributaries between stations Bee Cr. Blue River Wakenda Cr. Gasconade River
Platte River Little Blue River Grand River Bonne Femme Cr.

Independence Fishing River Chariton River Moniteau Cr. (N)
Cr. (KS) Sni-A-Bar Creek Little Chariton R. Petite Saline Cr.

Kansas River (KS) Crooked River Lamine River Moniteau Cr. (S)
Tabo Creek Perche Cr., Cedar Cr.

Moreau River

Osage River
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Preeentage of time indicated d u e  was equaled or exceeded 

Figure 40. Flow-duration curve, Mvlissouri River at St. Joseph, water years 1929-1993. 

At Hermann, the farthest downstream 
gaging station on the Missouri, the river drains 
about 524,200 quare miles. Average d i i  
charge here is about 78,400 ft3/sec and basin 
runoff is 2.03 inches. Maximum recorded flow 
was 750,000 ft3/sec and minimum recorded 
flow was 4,200 ft3/sec, respectively. Figure 41 
shows the average daily discharge for the 
Missour i  RPver at Hermann for wares years 
1 9 3 ,  the highest-flow year on record, and 
1934, the warm year of lowest flow. The 
average values for these two years were 
181,800 fi3/sec, and 29,750 ft3/sec. Figure 42 
Es a flowduration curve for the Mkwuti River at 
Hermann. Dixharge here exceeds 25,800 ft3/sec 
90 percent of the time, and 50 percent ofthe time 
flow is more than 58,100 ft3/sec. 

Based on discharge records for the sec- 
tion of rives between St. J o e  and H m a n n ,  
a distance of about 351 river miles, drainage 
basin size increases 103,900 square miles 

(24.7 percent). Average discharge increases 
36,880 Et3/sec (B.8 percent), and runoff in- 
creases 0.69 watershed inches (51.5 percent). 

The MEss&uril Rtver is used as a raw- 
water source for several public water supplies 
including St. Josq_lb, Kansas Ciy, Iexington, 
Hig@mdEe, Glasguw, Bmuille, j e ? i  City, 
St. Charles, St. Lou&, and St. Louis County. 
These supplies produce an average of about 
258 rngd from the river to help meet the water- 
supply needs of a population of about 
1,75 1,600, which is 34 percent of the popula- 
tion of Misouri. In addition, many other 
towns use wells drilled into the Missouri Rives 
aIluviurn which is in part recharged by the 
Missouri River. 

~ ~ R l ' V E E t ~  
Surface water entering rhe Mississippi 

River downstream from St. Louis drains from 
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Figure 41. Amage daily discharge of the Missouri Ever at Hermann, water years 1934 and 1993. 

the northern and eastern flanks of the Ozark 
uplift (figure 43) The region conrains about 
1 1,825 square miles, and accounts for about 17 
percent of the surface area of Missouri. 

In the n o d e m  past of the area, draiiage 
is through the Merajnec Riuer basin. Be- 
m e n  the mouth of h e  Merarnec River and 
Cape Girdcau, relatively small drainages 
channel surface-water runoff inlo the Miss is- 
stppi River. South of Cape GMeau,  the 
Mississippi enters the Sousheastern Lowlands. 
Drainage here has been extensively m-ed to 
facilitate drainig several hundred square miles 
of swamps in the part of the Southeastam Low- 
Ian& h o r n  as the Msmuri Boorheel. 

Drainage north of the Bootheel that for- 
merly flowed into and through the Southeast- 
e m  Lowlands has been diverred to the east to 
the M i s s i s s i ! f  Rium at the northern end of 
the lowlands. Swamps in the Southeastern 

Lowlands were drained by a series of drainage 
ditches that channeI the water south and west 
into Arkansas, and into the Mississippi River. 
The Little River Drainage District is the man- 
agement unit responsible for controlling sur- 
face water flow in this area. The St F m m d ~  
R-, which d m  conm'buted to drainage prob- 
lems in rhe Booheel, has been dammed at the 
edge of the Qzark esmrprnent Wagp@@@o 
Eake impounds wafer during high flow per id ,  
and releases it during &a wearher. 

The chemical quality of water from 
screams in this area is generally g o d .  The 
water is typically a calcium-magnesium-bimr- 
bonare type, and is moderately mineralized. 
Total dissolved solids are rypimlIy less rhan 
400 mgA, and chloride and sulfate are typiml- 
ly less than 100 mgA. Suspended solids and 
bacteria content of some of the rivers is high, 
especially during high-runoff periods. 
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Figure 42. Plow-duration curve, Missouri River at Herman, water years 1929-1 993. 

MElumXRlvER 
The Meramec Rium chins 3,980 square 

miIes of the Salem Plateau along the northem 
and western flanks of the Ozark uplift. The 
river drains parts or a11 of Dent, Phelps, Craw- 
ford, Reynolds, Washmgton, Iron, St. FrancoS, 
Ste. Genevieve, Maries, Gasconade, Franklin, 
St. Louis and Jefferson counties. IIrs entire 
drainage is in Missouri. Elevations in the 
upland ateas r a c h  about 1,500 ft msl in the St. 
Francois Mountains, and where the M m e c  
flows inro h e  Mississippi River, the elevation is 
about 450 ft. 

In the Meramec  River basin, as well as 
most of the Ozarks, there is considerable 
interaction between surface water and ground- 
water. Most of the rivers have high, well- 
sustained base flows provided by groundwa- 
ter primarily entering the streams frornsprings. 
There are thousands of springs in the Ozarks, 

some with average discharges greater than the 
flows of many northern Missouri rivers. Other 
streams in the Ozarks, some witR more than 
100 square miles of drainage, carry m e r  only 
after heavy rainfall and are typicdly dry, many 
from their headwaters to their mouth. Water 
disappearing into the subsurface along these 
losing streams travels Ehrough well-integrated 
conduit (cave-IW systems that transport the 
water to the receiving spring or springs. Ad- 
ditional surface-water runoff enters the sub- 
surface in sinkholes, which are topographic 
depressions in the land surface resulting from 
the subsurface removal of soil and rock. Sink- 
holes are common in the Oznrks and are an 
important groundwater recharge feature, but 
except for a few areas, the recharge from 
sinkholes is minor compared to that from 
losing streams. Considerable groundwater re- 
charge results from mhfd polating down- 
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Figure 4 3  Lower Mississippi River uibutxries in W W i .  
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ward through the permeable surfkid materials. 
Much of the central and southern parts of 

the Meramec River basin are characterized 
by karst features such as sinkholes, losing 
streams, caves, and springs. Bedrock in most 
of h e  area is Cambrian- and Ordovician-age 
sedimentary rocks, primariIy dolomite units. 
Solution activity in the dolomite has enlarged 
fractures and other openings, forming caves 
and groundwater conduits that facilitates rap- 
id groundwater movement. 

The oldest rock exposed in the Meramec 
basin is Precambrian-age igneous rock in the 
St. Francois Mountains. In Jefferson Counry, 
the Merat~eec River flows on rock as young 
as Mississippian-age. The uplands in the 
northern part of rhe bash, primarily in 
hrbescse Rdver watershed, are underlain 
by Pennsylvanian-age sedimentary rocks. 

Perennial flow in the M n a m e c  Riser 
begins near the headwaters just east of Salem 
in Dent Counry. Upstream from here, the 
Meramec River is a losing stream and provides 
groundwater recharge. Downstream, flow of 
the stream is welI-sustained, even during dry 
wea&er. The greatest change in flow charac- 
teristics occurs near St.Jamesin Phelps Counry 
where flowfromMammec Sptlrag enters the 
Meramec River. 

Maramec  Spdng has an average &is- 
charge of about 145 ft3/sec. In terms of &is, 
charge it is the largest spring in the Mermtffe~ 
River basin, and fifth largest spring in Missouri. 
Maximum recorded flow for the spring, which 
is occasionally inundated by backwater from 
the river, is 2,100 h3Jsec. Discharge idorma- 
tion was collected at the spring for 25 years 
during several periods between 1903 and 
1981. The lowest recorded flow is 56 ft3/sec, 
which occurred Augusr 1, 1934. During low- 
flow periods, the Meramec River more than 
doubles its discharge with the addition of 
water from Maramec Spring. 

Dry Fork enters the M m m e c  Rftler a 
shon. distance downstream from Mararnec 
Spring. Dry Fork clrains an area of about 379 
square miles. Upstream from the mouth of Dry 
Fork, the Meramec River drains a similar area 
(abut 340 square miles). 

Although h e  drainage areas are of simi- 
lar size, the flow characteristics of Dty Fork 
and the upper Merantec R i v e  differ dramat- 
ically. In the upper and lowerpam of its basin, 
Dry Pork is a perennial stream. However, in 
iis middle reach, Dry Fork is a losing srream, 
Upsueam from the losing reach, it drains about 
313 square miles. Much of the surface flow 
entering this reach is channeled into the sub- 
surface. The wzter resurfaces at Mamnzec 
Swag. Additionally, there are severaI other 
major losing streams includingNmman Cmek 
and&hepHo&Jw that contribute groundwa- 
ter recharge. Sinkholes and permeable surficial 
materials in she uplands furher help provide 
recharge to haaramec Spring (Vandike, 1996). 

The USGS operates three long-term gag- 
ing stations on the Merral~oec Rfuer, and 
others on the mrbacse and B g  Wm. 
The Meramec River near Steelville drains about 
781 square miles, which indudes Dry Fork, 
the Mwamec River above Dry Fork, and about 
60 square miles between Dry Fork and SteeI- 
ville. The average dkxhge here is 587 ft3/sec, 
based on data collected between 1922 and 
1993. The average annual runoff is 10.21 
inches. Discharge of the river here exceeds 
130 f t 3 / x c  g0 percent of h e  time, and 262 ft3/sec 
50 percent of the time. 

Upstream from the gaging station near 
Sullivan, the Memnaec R f e r  drains 1,475 
square miles, and has an average discharge of 
1,227 fi3/sec. Average annual runoff here is 
11.3 1 inches. Between Steelville and Sullivan, 
water from Wtczzah Creek and Cotcrto& 
Cree& enters the Merarnec. Both of these 
streams receive considerable groundwater 
from springs and seeps. In addition, there are 
numerous springs in this reach of the Meramec 
that contribute flow. 

Between S d t  uan and the lowest gaging 
station in the basin near Eureka, flow from the 
Bosrribeuse and Big riwers enters the 
Meramec  River. ?he murkuse River dis- 
charges into the Mmamm near Union jn Franklin 
County. It drains818 square d e s  of the northern 
part of the Memmec River basin. 

Pennsylvanian-age bedrock underlies 
much of the higher elevations of the 
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&urheuse watershed in Phelps, Cmwford, 
Maries, Gasconade, and Franklin counties. 
Ancient sinkholes that formed prior to P a n -  
syfvanian deposition in this area were subse- 
quentIy fdIed with minerds including refrac- 
tory clay, hemarite, and pyrite. JAm filed 
sinkholes were developed in Ordovician age 
dolomites, and have been important mineral 
resources in rhe region. 

Groundwarer in the Pennsylvanian rock 
is typically more highly mineralized than wa- 
ter in the Ordovician rock beneath it. In some 
locations, waret discharging from the PennsyI- 
vanian rock increases the sulfate and total 
dissolved solids content of surface water, 
especially during periods of Iow flow. 

Upstream from Ihzirnz, the Bourbeuse 
Rwer drains 808 square miles, and has an 
average discharge of 665 ft3/sec. Data has 
been collected here since 1921. The water 
years of highest and lowea annual average 
flows on the Bousbeuse are I993 and 1954, 
respectively, when discharges averaged 1,771 
Et3/sec and 106 ft3/sec. Peak recorded de 
charge here occurred December 5,1982, when 
flow reached 73,300 fi3/sec. The lowest flow 
recorded here was I1 ft3/sec on October 10, 
1956. A comparison of the flow-duration 
curve characteristics of the upper M e r a m  
River and the Bourbeuse River show how 
groundwater affects these streams. The 
Bourbeuse at Union drains W8 square miles, 
and has a runoff rate of 11.19 in./yr. Discharge 
exceeds 40 fi3/sec 90 percent. of the time, and 
169 Ft3/sec 50 percent of the time. In cornpar- 
ison, the Meramec Rivet near Steektille drains 
a smaller area, 781 square miles, and has a 
lower mnoff rate, 10.21 inches. Yet, 90 per- 
cent of the time rhe flow at Steelville exceeds 
130 ft3/sec, and the river discharges more than 
262 ft3/sec 50 percent of the time. 

The major difference between the rwo 
watersheds rhat affects the low-flow charac- 
teristics is the amount of groundwater that 
enters the rivers. There are numerous springs 
that discharge into t h e M m m m c  Rbm. Whiie 
the Bozcrbmse R # w  does receive inflow 
from springs, they typically have much small- 

er discharges than the springs along the 
Meramec. Most of Ihe uplands in the B o u r h s e  
watershed are underlain by Pennsylvanian- 
age sandstone and shde formations, or Iow- 
permeabiIity Ordovician-age dolomites. Run- 
off rates are higher in the Bourbeuse basin, 
and groundwer recharge is less. Thus, more 
direct moff is channelled into the river, and 
there is less water from groundwater sources 
to maintain flow during dry weather. 

The Big RElhrer drains rhe eastern part of 
the Merc4mec~ River basin, and enters the 
Meramec about 2 d e s  upstream from Eureka. 
It drains about 912 square miles. Lead was 
mined extensively in the upper watershed in 
Washington and St Francois counties from the 
1700s until the middle 1900s There has aIso 
been considerable barite mining in the area 
during lhis century. Sediment erded from 
tailings piles in these areas locally cause 
sediment loading and waterquality problems 
in the receiving sweams. 

Upstream from B ~ ~ E i e ,  the Big River 
drains 917 square miles. Average discharge 
here, based on data collected between 1921 
and 1993, is 862 fs3/sec. Average annual runoff 
here is 12.77 Inches. In water year 1985, the 
highest-flow year on record, discharge 
averaged 1,934 ft3/sec. Water year 1954 is the 
lowest-flow year on record when discharge 
averaged 227 ft3/sec. Peak recorded flow here 
was measured September 25, 1993, when it 
reached 63,600 ft3/sec. The lowest fI ow ever 
recorded, 25 ft3/sec, was measured August 30, 
1936. Low and medium flows here are higher 
than hose of the Barbewe Rjver, but less 
than those of the Mercanaec Rfuer. Discharge 
exceeds 1.16 fF3/sec 90 percent of the time, and 
337 ft3/sec 50 percent of the time. 

The M m l ~ t e c :  R i m  near Eureka drains 
an area of 3,78& square miles. Average &is- 
charge here- for the years 1303-1906 and 1921- 
1993 is 3,187 ft3/3ec. Average mud  runoff is 
11.43 inches. Figure 44 shows average daily 
discharge for the Meramec River at Eureka 
during water years 1954 and 1985, the lowest 
and highest flow-years on record. In 1954, 
discharge averaged only 751 ft3/sec, while in 
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Figure 44 Average daily discharge of the Meramec River near Eureka, water years 1954 and 1985. 

1985 it averaged 7,407 ft3/sec. Peak recorded 
flowhereocarredDecember6,1982at 145,000 
ft3/sec. The lowest recorded flow is 1% fc3/sec, 
which was measured on August 27, 1936. 
Figure 45 is a flowduration curve for the 
Meramec River at Eureka. As can be seen from 
the curye, the river has a high, well-sustained 
base flow. Discharge exceeds 520 fi3/sec 90 
percent of the time, and 1,400 ft3/sec 50 per- 
cent of the time. Table 6 summarizes the flow 
and m o H  characf-cs for the Meramec River 
at different locations in the Mi. 

Surface water from rhe M m n o e c  R i m  
basin is used for public water supply only in 
~e lower part of the basin. Jefferson County 
PWSD *2 uses an intake in B g  River ro 
suppIy raw water. The City of KMzmod 
pumps from the Meramec River, as does St. 
]Louis County Water Company. St. Louis Coun- 
ty has two intakes in &e lower Meramec. 

M r s s l s s r ~ ~ R r V E R ~ ~ ~ ~  
MERAMEC RIWR AND CAPE G~ARDBAU 
Between tZle mouth of the M e m w  

River and the Headwater Diversion channel 
just m t h  of Cap Gtrardeauare several creeks 
that chiin directly into theMfssisslppiR&er. 
These creeks typically dmin less than 100 
square miles. Jn the northern reach, their 
drainage basins are mostly underlain by 
Ordovician and older bedrock. Mississippian- 
age and younger rock underlies the upland 
areas along the Mississippi river near the 
mouths of the creeks. These drainages include 
Rock Cmek and Joachim Creek, both of 
which are in Jefferson County. Skelton (1966) 
calcuIated the 7&y Q, for Joadzim Creek at 
H m d i t e  to be 1.9 fi3/&. 

P m  Creek drains parts of Jefferson, 
St. Francois, and Ste. Genevieve counties. 
Upstream from the town of Plam'yt, the creek 
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Figure 45. Flow-duration curve, Meramec River near Eureka, water years 2%-1993. 
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drains 68.5 square A gaging station 
operated here by the USGS between 1%5 and 
1992 showed Plattin Creek to have an average 
discharge of 44.7 ft3/sec, and an average annu- 
al runoff of 9.23 Inches. Maximum recorded 
flows were 9,000 fwsec on June 22,1969, and 
minimum recorded flow was 2.7 Wsec on 
July 22, 1966. 

Establishmen$ Creek drains part of 
northeastern St. Francois County and northern 
Ste. Genevieve County. Rsuer Aux Vuses 
drains the area south of Establishment Creek 
tn central Ste. Genevieve Counry. There are 
large areas of sinkhole drainage in the uplands 
along the lower watershed of fiver Aux Vases 
south of Ste. Genevieve. The sinkholes and 
the cave systems that dtah them are devel- 
oped in Mississippian-age limestones. 

Saline Creek drains an area of southern 
Ste. Genevieve and northern Perry counties. 
The CiFy of PerPyuille has a surface-water 
intake in Scskine m e t  southwest of zhe ciry. 

There is a band of intense karst develop- 
ment paralleling the Mississippi River 
through eastern Perry County. Thousands of 
sinkholes, more than 600 caves, and dozens of 
springs are located in W area. These karst 
features are developed mosdy in middle 
Ordovician-age Joachim Dof omite and Plattin 
Formation. There are several sinkhoIe plains, 
some with more than 10 square d e s  of contin- 
uous sinkhole drainage, where dl of the surface- 
water runoff is channelled underground. 

Caves channel the water from the sink- 
holes to springs and karst resurgences along 
the streams bounding the sinkhole plains. 
Bue S m g  h ~ c b ,  Cinque Hommes 
Creek an*& Creek receive water through 
thii shallow karst drainage system. The springs 
discharging from the caves contribute little 
flow durhg dry periods, but after heavy rain- 
fall their discharges will increase greatly until 
water entering the caves from the sinkhole 
plains is drained through h e  system. 

~ W A ~ R S  D ~ O N  Cmmm 
Nowhere else in Missouri does the to- 

pography and physiography change more 
abruptly that it does at h e  Ozark escarpment, 

the boundary between the Ozarks and the 
Southeastern LowIands. The Southeastern 
Lowlands, also called the Mississippi 
Ernbaymen t and Bootheel, is a northern exten- 
sion of she Coastal Plain. It extends from Cape 
G h d e a u  south to the Gulf of Mexico. The 
Southeastern LowImds occupy an area of 
abur 3,900 square d e s .  

The New Madrid Seismic Zone in tfie 
northern part of the Mississippi Embayment is 
the most active earthquake zone in the U.S. 
east of the Rocky Mountains, and is an area of 
geologic structural downwarping. Rock units 
cropping out in the uplands north of the Ozark 
escarpment dip into the subsurface in the 
Bootheel. In the cenrraI and southern parts of 
the Bootheel, rock units are several thousand 
feet Mow the surface of the landscape. This 
area is characterized by a history of faulting, 
earthquakes, buried rifts, and other major 
geologic occurrences &at affected the surface 
of the Bootheel as -11 as the subsurface. 
Combined with this swctural instability is the 
alluvial pIain created by the meandering paths 
of the ancesual Mississippf, Ohso, St. 
Fmncfs and SEack *em. Erosion and 
deposition by these rivers have helped create 
the unique landscape of the Southeastem Low- 
lands. Over a period of rhousands of years, hese 
rivers have changed their p a h  numerous rimes, 
leaving thick deposits of alluvial sediments cov- 
ering most of the Bootheel except for Crowleys 
Ridge and similar physiographic farures paral- 
leling the Ozark escarpment 

Crowleys Ridge, Hickory Ridge, and the 
Benton Hills are erosional remnants that es- 
caped the total destruction of erosion. They 
are essentially islands of bedrock I& in an 
alluvial plain. Rivers changing their paths cut 
new channels through low areas in The ridges, 
but left parts of the ridges standing in relief. 
?his is an area that has had a long geologic 
history of major fault movements. Recent 
work indicates that faulting may have played 
a role in the formahion of Crowleys Ridge and 
other similar bedrock outliers in rhe South- 
easfern Lowlands (Hoffman et aI., 1994). 

In addition to the more prominent posi- 
tive topographic features, there are a few low 
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sand ridges and terraces that historically have 
been relatively dry areas. Much of the Booheel, 
though, was once characterized by poor sur- 
face drainage and swampland. Accounts of 
early xtrlers indicate that during the New 
Madrid earthquakes of 181 1 and 1812, some 
areas setded several feet due to seismic activ- 
ity (Beveridge, 1992). 

The swampy nature of the Southeast 
Lowlands was caused by several factors. As 
described above, topographic relief in rhe 
area is very Iow, which hampers surface drain- 
age. The Southeastern Lowlands have the 
highest average annual rainfall in M i u r i ,  
n a I y  48 inches in places, Thus, in an average 
year there is an abundance of water from 
rainfall. Fxacerbating the problem was the 
addition of warer into the IowIands from the 
Castor, W&#ewater, SL Francis and BEack 
r fvem, which drained 3,750 Wuare miles of 
the Omks Plateau and channelled it into the 
Southeast Lowlands. Acid to aII of this the 
water from the MissZssfppf and Ohio H v m  
which bound the eastern edge of the area, and 
the nature of the problem becomes abundant- 
ly clear. mere is a tremendous volume of 
water draining through a nearly flat area. 
Groundwater further added to the problem. 
The alluvium covering most of the Bootheel is 
very permeable. The water table has a high 
elevation in most places, so even during dry 
weather groundwater flowing from the alluvi- 
um into the scream maintained high water 
levels in them. 

Drainage projects, beginning in the late 
1800s, improved surface drainage in the 
Boorheel, changing it from swamps to the 
most productive agricultural area in the state. 
An extensive area of the Bootheel is in the 
L # f b  Rjver watershed, which was character- 
ized by river swamps. The Castor and 
Whitewater H u m ,  which drain 1,130 square 
miles of rhe Ozarks north of the embayment, 
emptied into the lowlands, and flowed south 
through ~e Morehouse Lowlands into Arkan- 
sas. Flow from the Little River joined with 
hem. To decrease inflow into the embaymat, 
a new drainage channel called the Headwu- 
ter Dfyers.Son aalenel was constructed to 

divert the flows of the Castor and Whitewater 
rivers us the norrheast into the M#ss&sfppf 
Rfver just south of Cap Girasdeau. This- de- 
creased *age entering rhe L i e  River water- 
shed by about 40 percent EormerIy St, PTatzdk 
Rfmr tributaries, the Castor and Whitewafer 
rivers are now Misirnippi River tributaries. 

The Gastor River at Zalnaa, only a few 
d e s  upstream from the Headwater Diversion 
ChmneI, drains 423 square miles. Headwa- 
ters of the river are in southern Sre. Genevieve 
Counry. It also drains pasts of Perry, Cape 
Giardeau, S t  Francois, Madison, Wayne, and 
Bollhger counties. 

A USGS gaging station gathered discharge 
data here from 1920 through 1991. Average 
annual flow during the period was 51 9 ft3/sec. 
Annual runoff averaged 16.66 inches. The 
Whttewuter River drains a simiIar size area 
to the east Long-term flow measurements are 
not available for the Whitewater River. It 
drains parts of Perry, Bollinger, and Cape 
Gmdeau counties. 

ST. W s  Rnm 
The St. Francis River has its hadwa- 

ters in the St. Francois Mountains in Iron and 
Madison counties. The basin has the highest 
total relief of any in Missouri. T a m  Sauk 
Mountain, highest point in Mismuri, peaks at 
an elevation of 1772 ft mt and is on the west 
basin divide. The river forms the boundary 
wifh Arkansas on the eastern side of the 
Bootheel, and Ieaves Missouri at an elevation 
of about 235 ft msl. Tom1 relief in the water- 
shed is about 1,537 ft. 

Although the rivers do not meet in 
Missouri, the LWik River is a St. Frafic& 
River tributary because the flow of the two 
rivers combine a few miles south of the state 
border in northeastern Arkansas. Overalh, the 
St. Francis River basin has decreased in size in 
the last century. Drainage from nearly 1,200 
square miles was diverted through the Head- 
water Diversion Channel into the Mississip- 
pi River, which s u b s m ~ I y  decreased the 
drainage area of the Lirtle River. A series of 
nearly paraIlel drainage ditches were dug 
from the Headwater Diversion Channel into 
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norzhern Arkansas in the Little River water- 
shed to provide drainage. Similar drainage 
projecw in h e  eastern part of the Bootheel 
drained water in the Charleston Lowland into 
rhe Mississippi River near Nau Madrid. 

Flood-control reservoirs were construct- 
ed in the lower St. Fmtrcts River and stack 
River basins to control drainage from the 
Ozarks into the Southeast Lowlands. Levees 
were constructed along most of the streams 
including h e  Mfss$ssippl Riwer. Today, 
very little warer flows into the Mississippi 
River from Missouri between the Headwater 
Diversion Channel and the southern tip of the 
state except near New Madrcd, where drainage 
ditches channeI water from the Charleston 
Lowlands into the river. The remaining water 
in the southeast lowlands is channelled into 
northern Arkansas. 

The L f f t k  R&m formerly drained about 
3,000 square d e s ,  but diverting rhe flow of 
the Castor River and Whitewater River 
directly to the Mlssksippi Rfver has de- 
creased the drainage area to about 1,810 square 
miles. This is abut 46 percent of the South- 
east Lowlands, and includes par& of Bollinger, 
Cape Girardeau, Scott, Stoddard, New Madrid, 
Dunklin, and Pemiscott counties. 

There is considerable pubIished discharge 
information for several of the drainage ditches 
in his area. Flow of Lmle River Ditch 25 1 
near Kennetrwas measured from 1926 through 
1979. I t  drains an area of about 883 square 
miles, or nearly onc-half of the LWb River 
basin. Discharge here averaged 682 ft3/sec 
through the period of record. Average annual 
runoff is abut 10.5 inches. h4axirnum record- 
ed ckharge here is 8,380 ft3/sec, which oc- 
curred November 20,1957. Minimum recorded 
flow, which occurred Septemkm 23,1969, is 22 
ft3/sec. 

Besides draining a sizeable area in the 
Ozark Plateau, the main stem St. Fmncfs 
Rher  in Missouri also drains most of the 
Southeastern Lowlands west of Crowleys Ridge. 
Excluding the drainage contribution of the 
LPEtle Rfuer, rhe S t  Francis drains about 1,700 
mi2 in Missouri. Of this, about 1,350 square 
d e s ,  (77 percent), lies in the Ozark Plateau. 

The remaining 350 square miles is in the 
Southeast Lowlands. The St. Francis River 
drams parts of St. Francois, Ste. Genevieve, 
Iron, Madison, Wayne, Butler, Stoddard, and 
Dunktin counties. 

The St. Fruncis Rfuer near P a l t e r n  
drains 956 square miles, all of which i s  runoff 
from h e  St. Francois Mounlains and h e  Ozark 
Plateau. Average discharge of the river here is 
1,130 ft3/sec, based on dara collected between 
2920 and 1993. Average annual runoff for this 
part of the watershed is 16.06 inches. Water 
year 1985 had the highest annual flow at 2,731 
ft3/sec. Water year 1941 had the lowest aver- 
age dischatge, 343 fi3/sec. Peak recorded flow 
here is 155,000 ft3/sec, which occurred De- 
cember 3,1982. The lowest recorded flow is 
8.0 ft3/sec, which was on August 28, 1936. 
Figure 46 is a flowduration curve of the St. 
Francis River near Patterson. Discharge here 
exceeds 52 ft3/sec 90 percent of the time, and 
335 ft3/sec 50 percent of the time. 

Runoff entering the Soufheastern Low- 
lands from the Ozark Plateau in the St. Francis 
River basin before 1940 worsened fIooding in 
the Bootheel. To help alleviate this, the U.S. 
Army Corps of Engineers dammed rhe St. 
Francis River near the Ozark escarpment in 
1941, and created W e p p a m  Xake. A b u t  
1,310 square miIes of drainage lies upsueam 
of Wappapello Lake. At conservation pml 
level, it has a surface area of about 4,100 acres, 
and contains about 30,900 ac-ft of storage. At 
the top of the spillway, the reservoir has a 
surface area of 23,200 aaes, and impounds 
613,000 ac-ft of water. At maximum pool, 
which is uncontro1Ied above the spillway eIe- 
vation, storage is 1,022,000 ac-ft. Besides 
flood control, rhe reservoir also suppIies rec- 
reational benefits. 

The average discharge of the St. Pruncis 
Rium below Wappapello is 1,567 ft3/sec. 
Discharge here has been measured since 1940, 
and is completely controlled by releases from 
the lake. Average annual runoff is 16.24 
inches. The highest average annual flow was 
in water year 1985 when it averaged 3,534 ft3/sec. 
The driest year on record was water year 1941 
when discharge averaged 406 ft3/sec. Peak 
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Figure 46. Flow-duration curve, St. Francis River nmr Patterson, water years 1922-1 993. 
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discharge here mcurred April 16, 1945, at 
22,300 ft3/sec. Periods of no flow have been 
recorded at times during several yenrs. Dis- 
charge here exceeds 40 ft3/sec 90 percent of 
the time, and 650 ft3/sec 50 percent of the time. 

Figure 47 shows hydrographs of h e  St. 
Francis River at Patterson and below 
Wappa@W Lake during water year 1985. 
Figure 48 shows the same two stations during 
water year 1741. To a gr-1 extent, the differ- 
ences between the hydrographs of the two 

stations is the aornge and later release of 
water from WappapeIIo Lake. 

Two towns in the St Fmncts Rfuer 
basin use surface water for waxes supply. The 
City of Fredericktm in Madison County uses 
a 158 acre lake plus water from the Lf tkb  Sf. 
P m W  Riuer. Ironton uses Shepherd 
Mountain Lake, which has a surface area of 
21 acres. Both of these towns are in areas 
where it is difficult to obtain large quantities of 
groundwater. 

Figure 47. Average dady discharge of the Sz Francis River near Panefsoa and be1 ow Wappapello dam, water y a  1985. 
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Figure 48. Average daily discharge of the St. Francis River near Parterson and below Wappapello dam, water year 194 1. 
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MMN STEM LOWER MISSISSIPPI R n m  
Between the moutZl of the MfssouPi 

Riuer and the southern tip of Missouri four 
miles muth of Cottonwood Point in Pemiscot 
County, the Mfss iss ipp i  Rifler meanders 
320 miles to cover a smight-line distance of 
about 194 miles. 

Discharge of tfie M i s s k s f p p i  R&er at 
St. Louis has been measured since 1861. Av- 
erage daily flow here during the period of 
record is 186,100 ft3/sec. The river has a 
drainage area of about 697,000 square miles, 
and annual runoff averages 3.63 inches. Fig- 
ure 49 shows discharge hydrographs for the 
Miissippi River at Sr. Louis for tbe years of 
lowest and highest discharge. Water year 

1993 is the highest flow year on record. Dis- 
charge during the year averaged 429,700 ft3/3x, 
and peaked at 1,080,000 fi3/sec on August 1, 
1993, a new peak discharge for the river here. 
Water year 1934 marked the year of lowest 
flow when diiharge averaged 67,700 ftj/sec. 
The lowest flow ever measured on the river 
was 18,100 ft3/sec, *ich occurred December 
23, 1863. Discharge of the river here exceeds 
67,600 fi3/sec 90 percent of the time, and 
148,000 ft3/sec 50 percent of the time. 

At Chatw, IIlinois, the river has gained 
another 11,600 square miles of drainage, and 
drains a total of 708,600 square miles. More 
than one-third of the gain is from h e  Mesamec 
River basin. Based on data collecred from 
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Figure 49. Average daily discharge of the Mississippi River at St. Louis, water years 1934 and 1993. 
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1927 to 1333, $ischarge averages 203,300 fi3/sec, 
and average annual runoff is 3.30 inches. Flow 
here exceeds 75,800 ft3/sec 90 percent of the 
time, and 163,000 fr3/sec 50 percent of the 
time (figure 50). 

The M i s s f s s ~ p d  River at i%e& Illi- 
nois, the southernmost gaging station on the 
Mississippi in or adjacent to Missouri, has a 
drainage area of 713,200 square miles, and an 
average diiharge of 202,400 fi3/sec. This is 
based on data coIEected between 1932 and 
1393. Runoff here averages 3.86 in ./yr. High- 
est and lowest flow years on record here were 
water years 1993 and 1934, respectively, when 
diiharge averaged 446,000 fi3/sec and 71,730 
ft3/sec. Peak recorded disch=ge here was 
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recorded August 7,1993, at 9%,00CE ft3/sec. The 
minimum flow ever recorded here was 23,400 
@/set on December 13, 1937. Discharge here 
exceeds 73,000 ft9/sec 90 pacent of the h e ,  and 
162,000 fi3/sec 50 percent of the time. 

The Obio River empties into the Mb- 
sissippi River near Charlesfon. From here, 
the Mississippi flows another 126 d e s  south 
before reaching the s o u t h  border of the 
sate near Cottonwood Point. 

W H r r E I U v E R ~ ~  
The WIWte  River and its viburafjes drain 

about 10,645 square miles of southem Missouri, 
which is about 15.3 percent of the stare (figure 
51). The river has i 6  headwaters in northwest- 
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Figure 50. Plow4uration rum, Mississippi River at Chestet, Illinois, water years 1934-1933. 

ern Arkansas and flows northeast into Missouri 
in Barry Counzy. It continues flowing east and 
north in Barry and Stone counties, then tu rns  
to the southeast and leaves Missouri in Taney 
County. Upstream from where the river leaves 
Missouri it drains 4,420 square miles. &sen- 
sly none of h e  White River in Missouri is a 
free-flowing s w m .  The river enters Missouri 
in the upstream reach of Tabk Rack Lake. 
Below Table Rock it flows directly into t a k e  
Talzeycom , and the tailwaters o f ~ S l b o a l s  
Lake, which lie mostly in Arkansas, reach 
nearly to Lake Taneycomo. 

The upper W%ite R&er basin in Missouri 
drams part of h e  Springfield Plateau, but most 
of the drainage basin is within the Salem 
Plateau. This part of the Ozarks is considered 
some of the most scenic country in rhe Mid- 
continent region. The area is rugged, charac- 
terized by rolling upland areas and steep, 
relatively narrow valleys hosting dear, spring- 
fed stteams and rivers. Much of 'Ehe area is 
forested, and natural water quality is generally 
excellent. During low-fl ow periods, the flows 
ofrivers in this area are primarily derived from 
springs and m p s ,  thus water quality is to a 
great degree controlled by the quality of 

groundwater. The surFace water is rypicaIly a 
calcium-magnesium-bicarbonate type, which 
refi ecw the dolomite bedrock from which rhe 
springs discharge. Sulfate, chloride, and nutri- 
ent levels are generally low except below 
wastewater discharges. Low dissolved oxy- 
gen levels below Table Rock andlWHShaals 
dams typically occur during late summer and 
early fall months. The low levels are caused 
by organic materials depleting oxygen in the 
deeper parts of the resewoirs where there is 
little circulation. Large quantities of the low 
b l v d  oxygen water are released though the 
n r r b i i  when elemid power is needed, affect- 
ing the dissolved oxygen content of the rivw for 
some dkmnce d o m s m  of the dams. 

Powersire Dam, and lake Taneyconm 
which it impounh, are h e  oldest of the mfte  
River dams and lakes. Consmucted in 191 2 by 
Empire District Electric Company, Powersite 
Dam was built to supply electrical power. 
Compared to other major reservoirs in the 
state it is quite small. At normal pool, the lake 
has a surface area of only about 2,100 acres, 
and impounds about 9,175 ac-fi. 

Tabb Rmk Lake, which is immediately 
upstream from Taneycomo, began filling in 
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1956 and was completed in 1959. Most of the 
lake lies in Missouri, and it drains an area 
containing 4,020 square miles, most of which 
is in northwestern Arkansas. At multipurpose 
pool level it has a surface area of 43,100 acres, 
and stores about 2,702,000 ac-ft of water. In 
addition, ir has another 3,462,000 ac-fi of flood 
control storage (Atlas, 1986). 

OnIy a small part of B U  Shoals Lake is 
in Missouri. Bull Shoals dam is near Mountain 
Rmein northwestern Arkansas. The dam and 
reservoir were completed in 1952, and the 
lake is the largest of the W t e  R&er im- 
poundments. The multipurpose pool has a 
surface area of 45,440 acres, and contains 
3,048,000 ac-ft of storage. The f I 4  pool 
contains 5,408,000 ac-ft of floodtonwot stor- 
age CAtlas, 1986). 

Discharge of h e  W%ffe R&m has been 
measured at a USGS gaging station near Bran- 
son since 1909. The site is about 600 ft 
downstream from Table Rock Dam; flow has 
been regulated by the dam since 1756. Aver- 
age discharge here is 3,823 ft3/sec, o r  an 
average annual runoff of 12.92 inches. Years 
of highest and lowest average discharge oc- 
curred in 1957 and 1954, respeckiveIy, when 
flows averaged 7,797 ft3/sec and 729 W/sec. 
Peak recorded discharge is 89,100 ft3/sec, 
which mmed May 16, 1956. There are 
periods of no discharge when releases from 
Table Rock Dam are curtailed. Discharge here 
exceeds 2,250 ft3/sec 50 percent of the time, 
and 140 ft3Jsec 90 percent of the time. 

Although there is an abundance of sur- 
face water available from the WhBe Rher 
and the lakes, only one city in Missouri - 
Bransort - uses h e  Whire River for water 
supply. The City of Branson has a surface 
water intake in Lake Tanqcondo. Addition- 
ally, Branson uses eight deep wells that pro- 
duce from rhe Ozark aquifer to meet water- 
supply needs. 

J- - 
The WhBe Rher has numerous tsibutar- 

ies in Missouri. The Iargest tributary which 
flows into the White River in Missouri is the 
James RPtrer. The James River drains 1,460 

square miles, including parts of Webster, 
Greene, Douglas, Christian, Lawrence, Barry, 
and Stone counties. The river flows into Tabb 
Rock Lake near Kinahling City in Stone 
County. Near SSpP-n@eId, 1 mile downsueam 
of the Blackman Water Treatment Plant in- 
take, the river drains 246 square miles. Be- 
tween 1955 and 1993, the discharge of the 
river here has averaged 237 ft3/sec. Basin 
runoff has averaged 13.1 1 in./yr. Flows ex- 
ceed 12 ft3/sec 90 percent of the time, and 78 
ft3/sec 50 percent of the time. 

The Jams River supplies part of the 
water supply for City of S@n@e& Addition- 
ally, it receives treated wastewater from the 
same city. Water is removed from the James 
River near the Blackman Water Treatment 
Plant m d  is used for municipal water supply. 
A dam on the James River in southeastern 
Springfield impounds water for cooling a 
rnunicipd steam-electric generating plant. 
Treated wastewater is diiarged into Witsolo 
Creek in the southwestem part of Springfield. 
Wlson Creek is a James River tributary. Part 
of the treated wastewater disappears into the 
subsurface a short distance downstream from 
the treatment plant, and it resurfaces at Rader 
Spdng, a short distance downsweam on Wd- 
son Creek. Water in the James River is a 
calcium-bicarbonate type, reflecting the lime- 
stone bedrock in the Springfield Plazeau. 
Below its confluence with Wilson Creek the 
water contains elevated bacteria and nuttients 
(Reed and others, 1993). 

Upstream from Galena, the James River 
draiis 987 square miles, and has an average 
annual runoff of 13.56 inches, based on data 
collected between 1921 and 1333. The highest 
flow recorded here occurred September 25, 
1393, when discharge measured 73,200 ft3/sec. 
The water year with she highesz average 
discharge was 1927, when it averaged 2,499 
ft3/sec. The water year with the lowest average 
flow and the lowest recorded flow was 1954, 
when discharge averaged 119 ft3/sec and 
reached a low of 10 ft3/sec on September 20. 
Discharge here exceeds 430 ft3Jsec 50 percent 
of the time, and 90 percent of the time flow is 
greater than 118 ft3/sec. 
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Orher White River tributaries in Missouri 
include BuII Creek, Swan Creek, Beaver Creek, 
Big Creek, and the Lirtle North Fork River. 
These creeks draii into h e  White River at 
Taneycorno and Bull ShoaI lakes. 

NORTH FORK RIVE3R 
The N d  Fork River and its main 

tributary, Bryant Creek, drain parts of Wright, 
Texas, Howell, Douglas, and Ozark counties. 
The North Fork rises near Mountain GrorPe, 
and the river drains 1,310 square miles of the 
Salem Plateau. It flows into Norfork Lake 
near Tecumseh, a few miles north of the 
Arkansas border. 

Upstream from Tecumb, Bymzf Creek 
and the North Fork River are as dose to 
beiig identical basins as can be found in 
Missouri. Their drainage areas, geology, p hys- 
iography, and dimate are vwy similar. The 
North Fork drains 561 square mifes, while 
Bryant Creek drainage is slightly larger at 570 
square miles. Both basins are underlain by 
Ordovician dolomites and sandstones. 
Jefferson City and Cum doIomires underlie 
the upper watersheds. The Roubidoux For- 
mation, an interbedded sandstone and dolo- 
mite, forms the valley waIls on Bryant Creek 
and the Noflh Fork, and the bed of many 
tributary valleys of both watersheds. The 
Gasconade Dolomite foms the lower valley 
walls and river bed along both streams. De- 
spite rhese similarities, the discharge characteris- 
tics of these oth& nearly identical srreams 
vary considet-ably. 

Between 1945 and 1985, the North Fork 
River had an average discharge of 730 fi3/sec. 
Despite its slightly larger draiiage area, dis- 
charge for m a w  Creek averaged only 530 
ft3/sec, 200 ft3/sec less than h e  Norrh Fork. 
The North Fork River had an average annual 
runoff of 17.67 inches, while that for Bryant 
Creek was 12.62 inches. Annual mnofTfor this 
region averages about 14 inches. The reason 
for the dierence in discharge between h e  
two streams is simply hydrologic thievery - 
water is being pirated from Bryant Creek and 
transported through the subsurface to the North 
Fork Rives. 

Like most of the m i t e  Rfvw tributaries, 
there are numerous springs along both By- 
ant Creek and the lVoHb Pork River. The 
North Fork River has the largest springs, in- 
duding .huhte Spring with an average dis- 
charge of about 127 f@/sec, and NstZh Fork 
S w n g ,  which discharges an average of about 
70 ft3/sec Wmeyard and Feder, 1974). These 
two springs are less &an 1,000 f t  apart. 

The largest spring in rhe Btyaw Creek 
basin is Hodgsm Mill Sprhtg , which has an 
average discharge of about 35 Wsec .  Hodgson 
Mil Spring is about 4.5 miles west of Donsbh? 
S w n g  and W m h  Fork Sprhtg . Dye tracing 
has shown that these three springs are sepa- 
rate outlets of a single spring system. Fluores- 
cent dyes injected into losing streams in upper 
Bryant Creek, and adjacent drainage in the 
upper Gascottade River basin more than 30 
miles to the northwest, reappear at Double, 
North Fork and Hodgson MilI springs Wl- 
iams, 1986 and 1987, and Brown, 1988). 

The quality of water issuing from these 
springs is essentially identical, further indimt- 
ing thaz the springs are separate rises from the 
same subsurface drainage system. However, 
most of the recharge area of these three springs, 
d o s e  combined discharge averages about 
230 ft3/sec, is h the upper Gmcmcte River 
and upper ByalPt Creek basis, yet most of 
the waterd&geshto rheNorthFmkRfoler, 
w%ich seme to inmaze its average dkharge 
while decYeasing that of Bryant Creek. 

Figure 52 is a hydrograph showing dis- 
charge of &yaw Creek and the North Fork 
Rkter in water year 1981, which was a rela- 
tively clry year. Much of the year, flow in both 
streams was primarily groundwater inflow. 
The difference in discharge between the EVO 

smxm was generally 150 ft3Jsec to 200 fi3/sec, 
which is approximately the flow of Double 
and No& Fork springs. 

Between 1944 and 1993, the Nor#& Fork 
R&er near Tecumseb had an average &is- 
charge of 743 fr3/sec, and a moff or 18.00 in.&. 
Figure 53 shows hydrographs of the sueam for 
the highest and lowest water years on record. 
In water year 1985, &ischarge averaged 1,555 
fi3/sec, wfiie in 1954 the average flow was 
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Figure 52. Average daily discharge of h e  Nwth Fork River and Bryan1 Creek near Tecumseh, water year 1981. 

only 299 W/sec. Peak recorded discharge oc- 
curred November 19, 1985, at 133,000 ft3/sec, 
and &e lowest flow ever measured is 187 
fi3sec, which occurred September 1415,1954. 
Figure 54 is a flow-duration curve of the North 
Fork River az Tecumseh. As can be seen from 
the graph, the North Fork has a very high, well- 
sustained base flaw provided by numerous 
large springs. Discharge exceeds 288 ft3Jsec 
90 percent of the m e ,  and 501 ft3/sec 50 
percent of the time. 

The North Fork River drains into 
Norfork Lake a few miles north of the Arkan- 
sas state line. Most of the 22,000 acre lake is 
in Arkansas. It conrains 1,251,000 ac-ft of 
storage in the mulripurpose pool, and an 
additional 1,983,000 ac-ft of flood control 
storage. Irs benefits indude flood control, 
reaation, andhydroeldc power (Atlas, 1986). 

There are very few towns in rhe North 
Fork R* basin; most towns of m y  size are 
along or outside of the watershed divides to she 
north and east. Water quality here fs generally 
very g c d .  The water is a moderately mineral- 
ized calcium-magnesium-bicarbonate type. Nu- 
trients, sulfate, and chloride are generally low. 
No towns in the North Fork River basin use 
stuface watw for municipal water supply. 

mCK RrYER 
The B%zck R&er is a major m e  R e  

tributary. 11 drains about 1,400 square miles in 
MkmW but the flows of the R e ,  
Bkuem Pow R*, and W m  Fork of tbe 
S m g  R&er are added to it in nostheastern 
Arkamas. The Black River rises in Iron County, 
and it dsains the westem side of the St Francois 
Mountains; Taum Sauk Mountain is on the 



Figure 53. Average daily discharge of the North Pork River n a r  Tecumseh, water years 1954 and 1985. 
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drainage divide. ?he river drains all or parts of 
Tron, Dent, Reynolds, Wayne, Shannon, Carter, 
Ripley, and ButEer counties. 

The watershed is about 30 miles long in 
Missouri, and generally 20 miles to 30 miles 
wide. Precambrian igneous rock crops out in 
the northeastern part of the basin. Narrow 
valleys thar cut into the resistant igneous rock 
forms shut-ins at s e v d  places in the upper 
watershed. Cambrian sedimentary rock forms 
the bedrock surface rhroughout much of the 
upper part of the watershed, and Ordovician 
rock underlies h e  lower bash. Most of the 
active underground lead mines in Missouri are 
in the Bizck Rber basin. Clearwater Dam 
impounds the Black River near Piedmont. 
Flows are regulated below the dam to de- 
sea= flooding in the Boorheel. The Black 

flows inro the Southeastern Lowlands near 
Poplar Bluff. 

Near Annapolis, upstream from 
CIeasutater lake,  the Bhck Rher drains 
484 square miles. Based on data collected 
between 1939 and 193,  discharge here aver- 
ages 591 fi3Jsec, and runoff averages 16.60 
in./yr. Discharge in water year 1985, highest 
flow year on record, averaged 1,420 ft3/sec, 
whiie discharge in water year 1954, lowest on 
record, was 244 ft3/sec. Highest and lowest 
instantaneous discharges were 98,500 fi3/sec 
on November 19, 1985, and 63 ft3/sec on 
August 12,1965. Figure 55 is a flowduration 
curve for the Black River near Annapolis. 
Discharge here exceeds 116 ft3/sec 90 percent 
of the time, and is greater than 271 ft3/sec 50 
percent of rhe rime. 
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Figure 54. Flow-durariw curve, N o d  Fork River near Tecumseh, water years 1945-193. 



There is a hydroelecuic facility in zhe 
&st Fork Bkck River drainage that takes 
advantage of the high relief in this area a s  well 
as electrical demand patterns. Taum Sauk 
Hydroelectric Plant is a Union Electtic facility. 
It consists of a lower reservoir on the East Fork 
Black River, an upper reservoir on top of 
Proffit Mountain, and a hydroelectric plant 
between them. During peak electrical de- 
mand periods, warm is released from the 
upper reservoir into a 6,500 fi-long tunnel 
leading to the turbines and generators at the 
upper end of the lower reservoir. The vertical 
drop between the two is nearly 800 feet. 
Water is pumped back into the upper reservoir 
during low electrid demand periods when 
there is excess power available. 

Like most areas in the Ozarks, losing 
streams and other karst features have devel- 
oped in the Black River basin. One of the most 
norable losing streams is Logan CS'eek, which 
drains part of western Reynolds County. Logan 
Creek is perennial and a gaining stream in the 
upper watershed, but there is a several-mile 
dry reach upsearn of Ellingtow where surface 
water disappears through the permeable stre- 
ambed into bedrock conduits below. Instead 
of reappearing at a spring farther downstream 
in the watershed, the flow lost here crosses the 
basin divide and reappears at a e  S-g, 
about 10 d e s  to the southwest near Owls 
Bend on the Cuwmt River (Vineyard and 
Feder, 1974). 

Qearwater Dam is on theSilack River 
near Piedmont. The dam is in Wayne County, 
but nearly all of the reservoir is in Reynolds 
County. Upstream from the dam, the Black 
River drains 838 square miles. The reservoir 
was constructed primarily for flood consrol 
and began mlhg in 1948, Along with f l d  
control, it is a popular recreational area. The 
permanent pool is relatively small. IT has a 
surface area of about 1,600 aaes and contains 
only about 21,920 ac-ft of storage. The remain- 
ing storage, 391,800 ac-ft, is flood storage. 

The Black River fIows into the South- 
eastern Lowlands at Poplar Bluff Here, ~e 
river drains 1,245 square miles and has an 
average &&charge of about 1,330 fi3/sec. This 

is based on flow data collected between the 
periods 1936-1 937 and 1939-1 993. Average 
annual runoffis 14.51 inches. Water year 19% 
was the year of highest flow and discharge 
averaged 2,858 ft3Jsec. Wattes year 1954 was 
the lowes& and flow averaged 564 fi3/sec. 
Mardmum flow recorded here was 65,000 fi3/sec 
on December 4, 1982, minimum recorded 
flow was 180 ft3isec on September 25-26, 
1%. How of the river here exceeds 363 ft3/sec 
90 percent of the time, and 781 ft3/sec 50 
percent of the time. The cities of Poplar Bluff 
and Piedrnont have intakes in rhe Black River 
and use it for municipal water supply. 

CUaRENTRZVW 
For those who are familiar with it, the 

Qrrcremt River is synonymous with canoeing 
and river recreation in Missouri. The river 
flows 140 miles through the Salem Plateau. 
The area is characterized by swift, clear streams 
and numerous large springs, which provide 
high base- flows even during dry weather. 3n 
all, the Current drains about 2,120 square 
miles in Missouri in Dent, Texas, Shannon, 
Howell, Carter, Reynolds, Oregon, Butler, 
and RipIey counties. The Current River froin 
Momtad  to near Donipbaa is withim the 
Ozatk National Scenic Riverway, and is under 
the management of the National Park Service. 

The -River begins in Dent Coun- 
ty where MolPtnuk Spfng, eleventh largest 
spring in Missouri, rises from openings in €he 
Ordovician-age Gasconade Dolomite. The 
spring $ischarges an average of about 60 ft3/sec, 
and much of h e  time provides essen~dly all 
of the warer in the Current River here. Up- 
stream from Mmaudk, the Current River is 
called Bgem m e k  and is mostly a losing- 
stream watershed. Only during wet weather 
does Pigeon Creek carry appreciabIe water in 
rhe lower reaches. Water disappearing into 
the subsurface In Pigeon Creek provides re- 
charge to Montauk Spring. 

The Rfyer Basfff contains more 
large springs than any other Missouri watershed. 
Of the nine springs in Mksouri with average 
dkhrges greater than 100 ft3/sec, f u r  of them 
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Pigute 55. Flow-durazion curve, Black River near Annapdis, ware  years 1 %&I 993. 
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are along the Current Rim-. Seven are in the 
River basin. 7he high concentration of 

Iarge springs provides a high base flow fur the 
Current River. Discharge of the river tends to 
incsease m d d y  between springs, and sub- 
stantially where major springs dkharge into the 
river. Wetch Sprhrg, G m e  Sprhz& Pi&Wfe 
Sprhzg, and R m d  Sprhtg add their flows into 
the upper Current River. In addition, there are 
areas below PulItite and Round springs where 
considerable water dixfiarges directly into the 
river though its lxd (AIey, 1978). The rrrain 
tributary of rhe Cum-nt River is the Jacks Fork. 

The Jacks Fork has a relatively small 
drainage area of only 422 square miles. How- 
ever, it has a very high average discharge due 
to springs dong its reach. AICey Spring, 
Missouri's seventh largest spring, with an av- 
erage discharge of a b u t  125 h3/sec, discharg- 
es into the Jacks Fork a few miles upstream 

from Eminence. At Eminence, the Jacks Fork 
drains 398 square miles. The dixharge of rhe 
jacks Fork here averages 457 ft3/sec, and average 
a n n d  runoff is 15.60 inch-, 

Figure 56 shows the average dady flow 
for the Jacks Fork at E m i m c e  during water 
year 1 985 and water year 1 854, the years of the 
highest and lowesr average annual flows. 
Discharge averaged 1,072 ft3/sec in water year 
1985, but only 154 ft3/sec in water year 1954. 
Despite rhe relatively d l  drainage, the low- 
est flow measured here during the period of 
record, 1921-1993, was 64 ft3/sec. Discharge 
exceeds 123 fc3/sec 90 percent of the time, and 
241 ft3/sec 50 percent of the time. 

lPkre Spring adds its discharge to the 
CWwwt near Ohds B d *  Average flow of 
Blue Spring is about 107 ft3/sec, much of 
which comes from ourside of the Current River 
basin. Water lost into the subsurface on 

Figure 56. Average daily discharge, Jadcs Fork at Eminence, water years 194-1985. 
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U g a n  &ek, a B c k  Riuer tributary, reap- 
pears at Blue Spring. 

Ar Van Buren, the Ctswm River drains 
1,662 square rniIes. Flow here between 1912 
and 1993 averaged 1,965 fc3/sec, and annual 
mnoff has averaged 16.02 inches. Water year 
19% had the highest average flow, 4,811 ft3/sec, 
while warm year 1956 was h e  lowes with an 
average discharge of 799 ft3/sec. Maximum 
recorded flow here was 125,000 ft3/sec on 
August 21,1915, and minimum recorded flow 
was 473 f=t3/sec, which was recorded October 
7, 1956. About one-half of the time flow is 
greater than 1,230 fi3/sec, and 90 percent of 
the time discharge exceeds 691 ft3/sec. 

The largest spring in Missouri enters the 
Riuer about 4 miles downstream 

from Van Buren. Appropriately named, Bfg 
Swag discharges an average of about 443 
fi3/sec into a spring bmch leading to the 
Current River. At normal flow, Big Spring 
discharges enough water to meet the average 
water supply needs of Missouri's three Iargest 
cities. The City of St. Louis uses an average of 
X 52 mgd, Kansas Cify's average use is 85 mgd, 
and SprinfieaZ uses an average of about 23 
mgd (DEQ, 1991). Combined water use for 
these three cities averages 260 mgd. Average 
discharge of Big Spring is a b u t  286 mgd. 

Peak discharge of the spring has k e n  
estimated at 2,000 fi3/sec. However, high 
spring stages rend to occur during floods on 
the Current River, and backwater from the 
rivet makes high-flow measurements of the 
spring all but impossible. The lowest dis- 
charge ever measured at the spring was 236 
ft3/sec on October 6, 1956. 

At Dmipbajt, near d e r e  the am 
R&er flows into northern Arkansas, rhe river 
drams 2,038 square rniIes, and has an average 
discharge of 2,775 ft3/sec. Based on data 
collecred between 1918 and 1393, average 
runoff here is 18.50 inches. Figure 57 shows 
average daily discharge during 1985, the wa- 
ter year of highest average flow, and water 
year 1954, the year of lowest flow. Average 
discharge in water year 1985 was 5,856 h3/sec, 
and in water year 1954 it averaged 1,326 ft3/sec. 
Maximum recorded flow here was 122,000 

ft3/9x, on December 3, 1982, and minimum 
recorded flow was 852 ft3/sec on October 8, 
1956. Figure 58 is a flow-duration curve of the 
Current River at Dottiphm. Discharge here 
exceeds 1,170 ft3/sec 90 percent of the time, 
and 1,910 ft3Jsec 50 percent of the time. 

The drainage area of the Cumen$ River 
between V m  Burm and Dortipban i n a m  
only 376 square miles. However, h e  average 
discharge and average runoff increase much 
more than would be expected. Average d i i  
charge increases 810 fi3/sec, and average an- 
nual runoff increases from 16.02 inches to 18.5 
inches, an increase of about 2.48 inches. M o s  
of this increase is from springs entering the 
river along this reach, the Iargest of which is 
Big S w n g .  The area recharging Big Spring 
lies west of the Current River. Most of the 
recharge comes not fsom within the Current 
River basin, but from the lZkuen P W  River 
basin. Dye tracing by Aley (1975) and other 
researchers show that water lost into the sub- 
surface in part of the Eleven Point basin reap- 
pears at Big Spring. Comparing average annu- 
al runoff values for both rivers shows zhat 
mnoff for the Elwen Point is la than normd 
for this area W e  that fur the Culrent is greater 
than expected. 

No towns in the a w m  River basin 
use surface warer for municipal water supply. 
Groundwater in this area is easily obtained 
and more economical for most small towns. 

~ P o m F b E K  
The Ehvmz Poinf R&m rises northwest 

of W5llour SpP-iags, arrd drains about 1,000 
quare miles in Howell, Shannon, Oregon, 
Carter, and Ripley counties. The basin is about 
60 miles long and 15 to 220 miles wide. The 
Eleven Point flows into the m c k  Rfver h 
northeastern Arkansas, and like the Crc- 
Rher if is a popuIar secreationd stream. Part 
of its reach has been designated a National 
Scenic River, and is under the management of 
the National Forest Seryice. 

The upper part of the Ekmm P o w  
Rfver, as well as many of its tributaries, are 
losing streams. These drainages carry flow 
only briefly after heavy rainfall, or during 
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Figure 57. Average daily discharge, Current River at m i p h a n ,  water years 1954 and 1985. 

extended wet periods. From 1950 through 
1975, discharge of the El wen Point River near 
i%om-Ele averaged 101 ft3/sec, and annual 
sunoff averaged only 3.80 inches. Above 
Thomasville, the Elwen Point Brains 361 
square miles. Compare these values to those 
for theJcrcks Fork and it can be easily seen 
hat much of the water lost into &e subsurface 
in rhe upper Eleven Point River is not returned 
to the stream above Thomasville. The Jacks 
Fork, which has a similar drainage ara, 398 
square miles, has much higher average d i i g e  
and moff r a ~ ,  457 ft3/m and 15.6) inches, 
mpeaivel y. 

Much of rhe groundwater recharge in the 
westem and southern part of theElevert mint 

Riuer basin reappears at Gmer Spring, Mi 
souri's second 1 argest spring. Greer discharg- 
es an average of about 340 ft3/sec from two 
openings developed in the Gasconade 
Dolomile about a mile from the Eleven Point 
River. Highest and lowest recorded flows for 
the spring are 1 , T O  ft3/sec on December 3, 
1982, and 104 ft3/sec on November 13, 1956. 
Surface-water runoff from a 3 sguare miIe area 
upstream from Greet Spring is included with 
h e  spring flow, so amal discharge of the 
spring during high-flow periods S slightly 
lower than reported values. Discharge of 
Greer Spring is more than 168 ft3/sec 30 per- 
cent of the time, and exceeds 319 ft3/sec 50 
percent of the time. 
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Figure 58. Flow-duration curve, Current River at hniphan, wafer years 2922-193. 
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Upstream from the gaging station near 
Bardky in Oregon County, the E h e n  Pow 
Rgvm drains 793 square miles. From 1923. to 
1993, the river has had an average discharge of 
774 ft3/sec. Average annual runoff here is 
13.26 inches, which is a considerable increase 
over Ehat measured a few miles upstream at 
Thornasville. The increase reflects groundwa- 
ter entering the river from Greer Smng and 
numerous other smaller groundwater outlets. 
Runoff, however, is sdl lower than it should 
be. This is primarily due to the subsurface 
movement of water from the Eleven Point 
basin into the R f m  basin. 

Dye tracing shows H u ~ n e  meek, a 
majorEEeven Pofrd Rsver tributary, and reach- 
es of the middle Eleven Point drainage a few 
d e s  west of n~omasvilk, lose water into the 
subsusface that reappears atBg Sprhrg (AFey, 
1975). Based on dye tracing and flow data, it 
is likely that Big Spring derives as much as 80 
percent of its recharge from the Eleven Poinr 
basin. Figure 59 is a flow-chration curve of rhe 
Eleven Point River near Bard@. Discharge 
here exceeds 264 ft3/sec 30 percent of the 
time, and 550 fi3/sec 50 percent of the time. 
Discharge in water year 1985, the highest flow 
year on record, averaged 1,782 ft3/sec. In 
water year 1981, the lowest on record, di 
charge averaged 310 ft3/sec. Maximurn re- 
corded flow for h e  river here was 49,800 St3/sec 
on December 3,1982, and minimum recorded 
flow w a s  152 ft3/sec, on January 27, 1956. 

S ~ l Z I V E I t ~ ~  
The Spring Rwer is a BCack RiWr 

tribumry that begins in southern Missouri but 
has most of its drainage area in northeastern 
Arkansas. Tributaries of the Spring River En 
Missouri include the Wartlt Fork S m g  
Rfuer, BmseU Branch-Erzglis b Creek, 
M w  mk, SoWb Pork Spring R h w ,  and 
West Fork S p g  R e .  Cornbiied, these 
watersheds drain only a b u t  245 square d e s  in 
Mswuri in Howell and Oregon counties. 

Much of the upper watershed of the 
Warn For& is characterized by losing streams 
and emensive sinkhole areas. Howell C k e k ,  
a major tributary of the Warm Fork, is a losing 

stream throughout most of its reach. Dye 
traces by numerous researchers have shown 
that much of the water lost into the subsurface 
in this karst area provides recharge to Mom- 
moth Sprhg, the largest spring in Arkansas, 
which is on the Warm Fork Spring River a few 
hundred feet from the Missouri state line. 
Ironically, ~e spring outlet is within Arkansas, 
but essentially all of its recharge originares in 
Missouri. 

One of the largest sinkholes in Missouri 
- Grand Gulf - is a few d e s  from Thayer in 
Oregon County. Grand Gulf, now a state park, 
is a huge sinkhole that resulted from the 
collapse of a cave roof. The drainage up- 
stream of Grand Gulf, known as Bussel2 
Branch, is channelled underground through 
the uncollapsed cave at the low end of the 
sinkhole. The water reappears at Mammoth 
SpHng. English Creek, which is the part of 
the drainage downstream of che sinkhole that 
was not captured by Grand Gulf, is now a 
wide, dry valley. 

ARKANSAS RIVER TRIBUTARIES 
The Arfiatfsas Riuer rises on the east 

slope of the Rocky Mountains in Colorado, 
and drains parts of Colorado, New Mexico, 
Oklahoma, Texas, Kansas, Arkansas, and 
Missouri. It flows into the M&s8ss#pp# R* 
in southeastem Arkansas. Tributaries d the 
Arkansas River in southwestem Miouri drain 
an area of about 2,300 square miles, or about 
4.2 percent of the mte. AU of the tributaries 
flow into Grutad Lake 0 "be Cherokees on 
the Neosko River in northwestern Oklaho- 
ma. The Neosho flows into the Arkansas near 
Mmkogee, Oklahoma. 

nearly all of the Arkansas Rher basin 
in Missouri is within the Springfield Plateau 
(figure 60). The main exception to this is in 
northwestern Jasper and Batton counties where 
the basin drains part of the Osage Plains. Most 
of the area is underlain by Mississippian-age 
cherry limestones. Pennsylvanian rock forms 
the bedrock surface in the northwestem part 
of the basin, and a few windows of Ordovician 
rmkcrop out in the deeper valleys in McDonald 
County. 
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Figure 59. Flow-duration curve, E l w e n  Point River near Bardley, water years 1922-1993, 
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Figure 60. Arkansas River tributaries in Missouri. 
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Zinc and lead ores were mined in this 
region from the late 1800s until the 1960s, 
mostly in the area aroundJoplin. Mine wastes, 
industrial development, and municipal waste 
discharges adversely affect water quality in 
several watersheds, bur water quality has 
shown considerable improvement during the 
past 20 years. Miming has ceased in the area, 
and &ere is better wastewater treatment and 
stricter controIs on wastewater discharges. 
Mining in this area was underground. Surface 
coIlapses due to abandoned mine shafts, vents, 
and shallow mine workings aIIow runoff to 
easily enter the flooded mine workings. The 
water, which becomes more mineralized as it 
moves through the flooded mines much like 
water in a spring system, discharges from 
abandoned shafts at low elevations along some 
area creeks. Warer from the mine workings 
can contain high levels of sulfate, iron, and 
zinc. Sulfate content of some of the mine 
waters exceeds 1000 mgA, and tom1 dissolved 
solids can be higher than 2,000 mgl.  Iron as 
high as 30 rqyl and zinc as high as 35 mg/l 
have been measured from mine waters. Sul- 
fate and zinc levels in Wer Creek down- 
stream of the mining area, which receives 
considerabIe water draining from the aban- 
doned mines, are considerably higher than 
those upstream from the mining area (Feder 
and others, 1969). 

S m  Rrvw 
The S w n g  RPver drains about two- 

thirds of theArkansas Rfver basin in Missouri. 
The River r k s  in southern Lawrence County, 
and flows north and west to the Kansas state 
line a few miles northwest oEJoplin. Parts of 
Bmon, Dade, Lawrence, Barry1 and Newton 
counties drain into the Spring River. Its total 
watershed in Missouri is about 2,000 square 
miIes. The southern and western parts of the 
watershed drain off h e  Springfield Plateau. 
The northwestern part of the watershed drains 
off of the Osage Plains. There are numerous 
losing streams and springs in the Sprin@feld 
Plateau part of the watershed. 

Upstream from lk Russell, rhe Spitsg 
Rfuer drains 306 square miles. In the 24-year 

period between 1957 and 1981, average dis- 
charge of the river here was 2.43 ft3/sec. Annu- 
al runoff averaged 10.78 inches. Springs dis- 
charging from hick Mississippian-age Iime- 
stone formations provide a well -sustained base 
flow for the river. 

Upstream from a USGS gaging station 
near W~CO, near where the S m g  River 
flows into Kansas, the river drains 1,164 square 
d e s .  Between 1924 and 1993, flow here 
averaged 923 ft3/sec, and runoff averaged 
10.77 in./yr. Figure 61 shows average daily 
flow for the Spring River near Waco in Jasper 
County for water years 1993 and 1954, the 
highest and lowest flow years. Discharge 
averaged 3,093 ft3/sec in water year 1994, and 
61.4 ft3/sec in water year 1954. Maximurn 
recorded flows here was 151,000 ft3/sec on 
September 26, 1993, and r n i n i r n  recorded 
flew was 4.2 ft3/sec on July 28, 1954. Figure 
62 shows flowduration here. Discharge ex- 
ceeds 64 Ft3/sec 90 percent of the time, a d  293 
ft3/sec 50 percent of the time. 

The Spring River has two major rribu- 
taries in Missouri. Borh d i i a r g e  into the 
Spring River in mutheastern Kansas. &ter 
Creek drains the centraI part of the Spring 
River basin. It rises in southern Lawrence 
County, and flows through northwestern New- 
ton and southern Jasper counties. Upmeam 
from Cart-fk, Center Creek drains about 
232 sguare miles. Between 1962 and 1992, 
dixharge here averaged 205 fi3/sec, and run- 
off averaged 12.02 in./yr. Highest measured 
flow was 36,300 ft3/sec on July 3,1976, and the 
lowest measured flow was 9.4 ft3/sec, on 
August 20, 1972. 

M e r  Creek, and neighboring Turkey 
Oeek , flow through and drain water from the 
Duenweg-Omnogo mining area w e t  and north 
of Joplin. Extensive tailings piles covered 
much of this area ar one time. Numerous 
industries developed in the mining area. At 
one time, wastewater discharges from this 
area adversely affecred the quality of water in 
W e r  Cmek and Turkey Creek. Nitrate, 
ammonia, phosphorous, fluoride, and zinc 
levels were well above acceptable limits. 
Mining has ceased here, but mineralized water 
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Figure 61. Average daily discharge of the Spring River near Waw, warm years 3954 and 1993. 

from the flooded mines discharges into Center 
Creek (Feder and others, 1969). Better waste- 
water treatment and more strlngent controIs 
on wastewater discharges have lowered con- 
taminant levels considmbly, but nutrients 
and zinc levels are still above normal back- 
ground levels (Reed and others, 1993). 

Sboat  Creek drains the muthem part of 
the S-ng Rher basin. ITS headwaters are in 
nosthwestern Barry County, and it flows 
through Newton and southwesfan Jasper mun- 
ties. Above Joplin, Shoal Creek drains 427 
square miles, all from the Springfield Plateau. 
Average discharge of the creek between 1941 
and 1993 was 41 9 ft3/sec, and runoff averages 
13.35 in./yr. Maximurn flow was 62,W ft3/5ec 

on May 18, 1943, and minimum flow was 12 
ft3/sec on September 7, 1954. The creek has 
a well-sustained, relatively high b a x  flow 

provided by numerous springs in the warm- 
shed. Flow is greater than 84 f 3/sec 90 percent 
of the time, and exceeds 230 ft3/sec 50 percent 
of the time. The water is a dciurn-bimsbon- 
ate type, reflecting the limestone bedrock of 
the area. 

Three towns in the Spring Rher basin 
use surface warm for municipal water supply 
needs. krnar, in Barton County, uses a 180 
acre lake in the upper part of the North Fork of 
h e  Spring River for municipal water suppIy. 
Nmbo and Joplin in Newton and Jasper coun- 
ties, respectively, use Shoal Creek for water 
supply- 

E L K m  
The E& R i m  drains about 850 square 

miles of extreme southwestern Missouri in 
Newton, McDonald, and Barry counties. The 
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Fi ie  62. Flowduration curve, Spring E v e s  near Warn, water years 1925-1993. 
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river begins at the confluence of Li#k Sugar 
and Big Sugar creeks near Pitzarille in 
McDonald County, and it flows to the west into 
Grand 0' fke Chemkees in north- 
western Oklahoma. Big and Little Sugar creeks 
drain the southern part of the watershed, 
including part of northwest Arkansas. The 
other main tributaries include Id iaa  m e k ,  
which discharges into the mk River 4 miles 
west of Pineville, and &.nab Creek which 
flows Entothe Elk about 1 mile into Oklahoma. 
Indian and BufTalo creeks drain the northern 
part of the basin. 

Most of the Elk R Q w  basin is underlain 
by Mississippian-age bedrock, but Devonian- 
age Chatmooga Shale and Ordovician-age 
C o w  Dolomite crop out in the lower valley 
walls and form the bed of h e  river through 
much of its reach. The area is withi the 
Springf~eld Plateau, but the terrain is steeper 
and more reminiscent of Salem Plateau topog- 
raphy. 

Upstream from near Eff CiV, about 2 
miles from the Oklahoma state line, the E?& 
Riuer drains 872 square d e s  of southwest- 
ern Missouri and northwestern Arkansas. 
Drainage from &#ah Creek enters the Elk 
about 3 miles downstream of the gaging sta- 
tion. Between 1939 and 1993, dischargeof &the 
Elk River here averaged 828 ft3/sec, and aver- 
age annual runoff is 12.9 inches. The river 
here has a well-sustahd base flow supplied 
by springs in the watershed. Discharge ex- 
ceeds 84 ft3/sec 30 percent of the time, and 50 
percent of the time exceeds 336 ft3/sec (figure 
63). Water years of highest and lowest aver- 
age flows were 1993 and 1954, respective1y. 
In water year 1993 discharge averaged 1,883 
ft3/sec, while in 1954 it averaged 135 ft3/sec. 
Maximum recorded flow w a s  137,000 ft3/sec 
measured on April 19, 1941, and minimum 
measured flow was 5.1 ft3Isec on September 5, 
1954. 
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Figure 63. Flowduration curve, Elk River near Tiff City, water year5 190-1999. 
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Missouri depends greatly on its surface- 
water resources for drinking water, agriculcur- 
a1 needs, commercial and industrial water 
supply, rives transportation, fsh and wildlife 
habitat, recreation, electrical production, and 
a myriad of other uses. 

More than 2 20 water-supply reservoirs 
are currently in use by Missouri communities, 
and a11 but a few are located in northem and 
western parts of the state. This is due, in large 
part, to the lack of adequate groundwater 
resources in northern and west-central 
Missouri. 

Water-supply intakes on rivers and 
streams are used by more d ~ a n  50 cities in 
areas where stteams have adequate flows 
during dry weather. Resewoh are more 
rypically used where streams have poorly- 
sustained base flows, or where towns are roe 
far from a river to economically construct an 
intake and pipeline. About 20 zowns, howev- 
er, use both a reservoir for impounding runoff 
and a river intake to supplement their inflow 
from runoff. 

From the earliest days of settlement, the 
rivers of Missouri have been the lifeblood of 
the communities along them. They have 
supplied water, carried away wasres, and 
served as highwys. In fact, many of the cities 
and t o w s  along the rivers use them in much 
the same ways today ns they did more than a 
century ago. But, because of larger popula- 
tions in these cities today, the flows of the 
rivers have become even more essential Near- 
ly 60 percent of h e  population of Missouri 
lives in the 25 counties bordering the Missouri 

River. Curtendy, the Missouri and Mississippi 
rivets together supply mmicipal water to 
more b n  one-third of the state's population. 

Surface water is viewed somewhat differ- 
ently in the southern half of rhe state. Here, 
groundwarer is readily available and of excel- 
lent qudity, so surface water is used much less 
for municipal water supply. However, tour- 
ism and recreation, which are extremely im- 
portant industries for the state, depend heavi- 
ly on surface water. ,Major lakes in zhe Osage, 
St Francis, and White River basins provide 
excellent water-based recreation as well as 
hydroelectric power. The spring-fed rivers 
and streams in the Ozarks are some of the most 
scenic waters in the nation. Their protection 
is paramount TO the economic well being of 
the people in southern Missouri. 

The basin-by-basin assessment of Missouri 
surface-water resources in this report shows 
that Ihe surface-wafer resources of Missouri 
are generafly adequate to meet current water 
needs. This does not mean that she availability 
of water is not a problem. On the contrary, 
some northern and western Missouri towns 
face water shortages during extended droughts. 
Often, this is because the aging reswvoirs 
serving many of the towns are becoming 
inadequate. Per capita water use and popula- 
tion have increased for many of these Towns, 
but reservoir sedimentation has diminished 
the arnounr of reservoir storage space avail- 
able. New reservoirs are expensive, and many 
towns have found it to keep pace with 
their growing water-supply needs. In the past, 
water shortages triggered by drought con- 
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vinced some towns of the need for a new 
reservoir. Udorhmately, a new reservoir is of 
lide use until runoff from rainfall can f i l  i t  

In this report, the description of nearIy 
every stream and river includes its average 
flow. If every yeas were an "average" year, 
water-supply problems would probably be 
negligible. In reality, though, the average 
flow of a sueam includes only a few years that 
are about average. There are many more years 
when flows are above or below normal. Oc- 
casionaIIy, flows are very low or extremely 
high. 

Most water-related problems do not arise 
during average conditions, they arise during 
climatic extremes. Flooding and drought are 
the seeds of many natural disasters. Neither 
went can be predicted nor eliminated, but 
adequate planning on a l o d  as we11 as a 
regional scale can lessen heir severity. Each 
climatic extreme requires a different approach. 
F w  water supply, droughts must be carefully 

considered to minimize the chances of a sup- 
ply becornhg inadequate during extended 
dry weather. Obviously, dams and inmke 
structures also have to be designed to with- 
stand flooding. Droughts generally do not 
damage bridges, homes, Ievees, and roads, 
but floods almost always do. Any project 
dealing with deveIopment dong ar near a 
scream requires a Ehorough understanding of 
the high-flow characteristics of the stream. 

Z t  must be remembered that the rivers and 
streams in Missouri provide much more than 
just raw water. For aquatic species, as well as 
warerfowl and other wildlife, rivers and streams 
mean survival. The quanrity of water, and the 
quality of that water, directly affects the q u a -  
tiry and qualiry of the fauna it supports. To 
protect these species, as well as the social and 
economic we1I-being of the people of Missouri, 
lhe quantity and quality of the state's water 
resources must be protected. 
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